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HARD OR NOT — 


NOW SCHLUMBERGER CAN CORE IT! 


Schlumberger side-wall cores, 
familiar to every operator in the 
Gulf Coast and California, can now be obtained 
in the hard-rock areas of the Mid-Continent 
the Rocky Mountains. 
Recent technical improvements on both the Schlumberger gun and 
core barrel have made it possible to core many 
hard-rock formations of 15% 
or less porosity. 
Operation of the Schlumberger Sample Taker is 
rapid and economical . . . up to 30 zones 
of interest can be cored on one trip in the hole . . . Core diameters 
are 1-3/16” (soft formation) or 13/16” (hard formation) 
with a maximum length of 2-1/4”. 
The Schlumberger Sample Taker is simple . . . it’s safe .. . it’s proved 
by thousands of runs to be the fastest and most dependable 
way of taking a close look at your production possibilities. 


THE EYES OF THE OIL INDUSTRY SCH L_ UMBERGER 


Well Surveying Corporation 
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is Our most important service 


You may soon be our three-millionth customer. Whatever the job—a drill stem 
test, chemical treatment, fracturing, cementing, or well logging, its added impor- 
tance will go unmarked. We know from great experience that research is our most 


, important service. Research is the structural strength of Halliburton, develops 
‘ and improves all its services, makes each job better day after day. Renowned ; 
25 years ago for its “Stress and Strain Department,” Halliburton now has two 


large technical centers of research—in Duncan and Houston—where the greatest 
skills of engineering, metallurgy, electronics and chemistry are dedicated solely 
to helping put more oil in your tanks. When our three-millionth job rolls round, 
it will be better than all before it, because research is our most important service. 


HALLIBURTON OIL WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 
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Every forty minutes of every working day Core Lab 
begins another job... faces another problem created 
by the inconstant physical characteristics and pro- 
ductive behaviors of hydrocarbon-bearing formations. 
And to accept and adequately resolve these eco- 
nomically critical responsibilities demands far more 
service than routine reporting of mechanically- 
procured information. 


Each set of basic data must be balanced against 
the logic of past experience and blended with the 
benefits of new, imaginative research in petroleum 
reservoir engineering. 


CORE LABORATORIES, INC. 


T 


DALLAS, HOUSTON, CORPUS CHRISTI, MIDLAND, ABILENE. SAN ANTONIO, TYLER, TULSA, FORT WORTH, WICHITA FALLS, OKLAHOMA CITY, ARDMORE, 
BARTLESVILLE, PAMPA, ARKANSAS CITY, GREAT BEND, NEW ORLEANS, SHREVEPORT, HATTIESBURG, LAFAYETTE, DENVER, BAKERSFIELD, BILLINGS, CASPER, 
WORLAND, STERLING, EL DORADO, LUBBOCK, FARMINGTON, LOVINGTON, MONAHANS, SAN ANGELO; CALGARY, EOMONTON, REGINA; VENEZUELA, S. A. 


When a final Core Lab core analysis report and 
interpretation is delivered it represents the finest 
combination of procedures, experience, and research 
available to the industry today. Each comprehensive 
evaluation is developed under the direct supervision 
of a permanent area-resident engineer. He, in turn, 
has at his fingertips the added field experience of 
31 other Core Lab installations, plus the technical 
advice of Core Lab’s Research Department and 
Special Core Analysis Studies Section. 


As the search for new oil uncovers new problems, each 
formation cored deserves this quality of analysis work. 
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Clark HMA-10, 440 bhp “Midget 
Angle” equipped for a 3-stage 
gas lift application. 


“Midget Angles’ 


Clark sets the pace in compressor progress 


—> 
: 


basis for comp 


For field gas gathering, gas lifting, repressuring, recycling plant feeders, 
pipeline testing and many other field uses, Clark Midget Angles are the 
most economical answer in the 85-440 bhp range . . . and Clark can 
deliver them in a hurry! Your Clark representative will give you facts 
and figures. Write for Bulletin 126. 


In selecting a packaged compressor for field use, nothing can be com- 
pared with Clark “Midget Angles.” They stand alone on so many 
important points. There’s just no basis for comparison. 


DESIGNED SPECIFICALLY FOR FIELD SERVICE 
Every operator knows how important this is in the tough kind of 
service a field compressor gets. 


COMPLETELY FACTORY-PACKAGED 
All units fully assembled and tested in the Clark plant. 


HIGHWAY WIDTH 
Most units can be transported, fully assembled, by truck trailer 
and railroad. 


SINGLE RESPONSIBILITY 
No buck passing! All major components are built and guaranteed 
by Clark. 


PERFECT BALANCE 
Clark Balanced/Opposed principle permits operation anywhere 
with little foundation. 


TWO-CYCLE INLINE DESIGN 
For maximum power, ruggedness, simplicity, accessibility and 
long oil life. 


RESERVE OVERLOAD CAPACITY 
Ample stamina to handle temporary overloads. 


RUGGED, VERTICAL-AIR-FLOW RADIATOR 
Clark-built. Unequaied in durability. A Perfect Match for these 
“Midget Angles.” Prevailing wind direction can be disregarded. 


MASSIVE, RIGID, ALL-STEEL SKID 
Constructed entirely of I-Beams up to 18 inches in height. 
(Nearly 300 ft. of them in an HMA-10 skid.) 


PRECISION CONSTRUCTION 
Quality materials and precision workmanship assure continuous 
operation with minimum maintenance. 


ECONOMICAL TO INSTALL 
Only a simple slab of concrete, for leveling the unit, is needed 
to put the “Midget Angle” on stream. 


HUNDREDS OF INSTALLATIONS 
Used throughout the world in every conceivable type of service. 


CLARK BROS. CO. ° OLEAN, N. Y. 
ONE OF THE DRESSER INDUSTRIES 
Soles Offices in Principal Cities Throughout the World 
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How does a 
BAROID ENGINEER 


know the best 
mud program 


jor your well Pi 


The answer lies in the remarkable data he 
receives from Baroid’s engineering staff and 
skilfully applies to your particular well. 


From more than three-quarters of a million test 
reports made by Baroid engineers, key facts have 
been sifted and filed about muds in every region, 
every field, every formation, every depth. This 
includes reports on wells in your particular area. 


No other mud supplier can have so complete 
a file because Baroid is the most experienced 
mud firm. 


This information, interpreted and applied by 
your Baroid engineer, assures you a successful 
mud program. That is why men who specify mud 
specify Baroid products and pre- 
fer a Baroid field engineer. 


BAROID P. ©. Box 1675, Houston 1, Texas 
Please send me the Trouble-Shooting Charts compiled from 


data in your field report files. 


NAME TITLE 
COMPANY 

ADDRESS 

city ZONE STATE 
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BAROID DIVISION « NATIONAL LEAD CO. 
Main Office: P. O. Box 1675, Houston 1, Texas 
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ECONOMICAL 


Baker Flexifiow Fill-Up Equipment not 
only permits the casing to be run more 
rapidly with greatly reduced pressure 
increases or surges on the formations 
below the shoe, but in addition, by 
eliminating the surface-filling operation, 
saves an additional amount of rig time. 
When these advantages are considered, 
Flexiflow Equipment is much more 
economical to run than conventional 
floating equipment. 


Xprorec TION AGAINST 
DESTRUCTIVE 
HIGH-PRESSURE SURGES 


BAKER 


LEXIFLOW 


FILL-UP SHOES AND COLLARS 


Baker Flexiflow Fill-Up Equipment, 
a new companion line to Baker Differ- 
ential Fill-Up Equipment is designed to 
be run in wells of moderate depth. 


FEATURES 


SELF-ADJUSTING FLOW 
CONTROL DIAPHRAGM 


Baker Flexiflow Fill-Up Equipment 
contains a variable valve (Self-Adjusting 
Flow Control Diaphragm) that auto- 
matically opens wider or closes down 
to provide MINIMUM BOTTOM-HOLE 
PRESSURE INCREASES and regulated fill 
of the casing. 


POSITIVE BALL-TYPE BACK- 
PRESSURE VALVE FOR CEMENTING 


A Ball-Type, Back-Pressure Valve for 
floating or cementing can be brought 
into action at any time by applying a 
pressure of approximately 700 psi to 
the casing. See Figs. 2 and 3 below. 


COMPLETELY DRILLABLE 


The internal parts of Flexiflow Fill-Up 
Shoes and Collars consist of readily 
drillable concrete, a small amount of 
Bakelite and synthetic rubber. 


FIG. 2 FIG. 3 
Ball Ball 
pumped shut-off 
through against 


diaphragm 
back-pressure 


surges over 
5,000 psi can be created 
each time a joint of 
casing equipped with 
conventional floating 
equipment is lowered 
under certain slim hole 
clearances. 


High-Pressure surges can 
fracture and weaken a 
formation sufficiently to 
cause lost circulation or 
the failure of a primary 
cement job. 


These destructive, high- 
pressure surges can be 
reduced... 


© by increasing the lower- 
ing time per joint 

® by increasing the casing 
clearance 

or 

® by running Baker Fiexi- 
flow (or Differential) Fill- 
Up Shoes and Collars 


NOTE: 


Baker Fill-Up Equipment 
contains a variable valve 
that automatically opens 
up and adjusts to main- 
tain minimum bottom- 
hole pressure as the 
casing is being run. 
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HIGH-INJECTION-RATE 


SANDFRAC 


DOWELL treatment resulted in over 12,000 extra barrels of oi! in 6 months 


Large-volume, high-injection-rate Sandfrac* treatments 
are building an encouraging record of successes. This 
new high-injection technique is achieving increased pen- 
etration which has resulted in improved recoveries over 
long periods. 


In one such case a well with an initial potential of 332 
Bopp, flowing, had fallen off after nine months, so that it 
was pumping only 8 Bopp. At this point a high-injection 
Sandfrac treatment was performed by Dowell—21,000 
gallons of oil and 31,000 pounds of sand were pumped 
into the well at an average injection rate of 45.4 BopM. 


Immediately following this, the well tested 315 Bopp. 


After six months the well still potentialed 96 Bopp. The 
estimated cumulative production during the 6 months 
period was 13,159 barrels. 


Dowell has designed special mixing units and diesel 
pumping equipment to handle high-injection Sandfrac 
treatments. This is just one example of the way Dowell’s 
versatile services are engineered to meet the needs of the 
oil industry. 


For more information about Dowell services for oil, gas 
and water wells, call the nearest Dowell office or write 
DOWELL INCORPORATED, Tulsa 1, Oklahoma, Dept. E-15. 
*Sandfrac is a registered service mark of Dowell Incorporated. 


services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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FEATURE ARTICLE 


FLASH CALCULATIONS as PERFORMED on the 
IBM CARD PROGRAMMED CALCULATOR 


1OTT |. 
ELLIOTT I. ORGANICK UNITED GAS CORP. 


JUNIOR MEMBER AIME 


Abstract 


One of the fundamental and per- 
haps most tedious of all calculations 
in petroleum engineering has been 
the so-called “flash calculation.” High 
speed computing machines have been 
playing an increasingly important 
role in the oil industry, and it is nat- 
ural that one of our first job assign- 
ments for these machines would be 
to relieve the engineer by performing 
flash calculations for him. 

One of the machines currently 
available which is particularly suit- 
able for this work is the International 
Business Machines Corp. Card Pro- 
grammed Calculator, or CPC. Two 
CPC procedures developed for flash 
calculations are reported. In each 
case the machine is made to print a 
composite, compact, and accurate 
record of the entire calculation (see 
Figs. 1 and 2). 

The first procedure, or program, is 
applicable primarily for separator cal- 
culations. This program may be used 
conveniently and efficiently in cal- 
culating optimum separator pressures 
and temperatures in single and in 
series staging of well effluent feed 
streams of up to Il components. 
Machine time is four minutes per 
stage. The second program is de- 
signed primarily for reservoir flash 
calculations at elevated pressures or 
for process calculations at very low 
temperatures where the equilibrium 


‘References given at end of paper. 
Manuscript received in Petroleum Branch 
office on Sept. 8, 1954. 
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constants vary significantly with the 
composition of the feed stream. This 
latter method will handle mixtures 
containing up to 20 components in 
seven minutes of machine time. 


Introduction 


During the past three years there 
has been generated an enormous in- 
terest among engineers and scientists 
regarding the application of high 
speed digital computers to the solu- 
tion of problems of research and in- 
dustry. Computer manufacturers 
have managed to keep pace with this 
interest by developing machines ca- 
pable of handling economically the 
most prodigious of calculations con- 
ceived by would-be customers. In 
general, however, these machines, 
announced by more than 15 manu- 
facturers, are not yet generally avail- 
able and will not be for at least an- 
other year. 


A forerunner of these general pur- 
pose digital computers is the IBM 
Card Programmed Calculator (CPC). 
This machine is the first truly gen- 
eral purpose computer to be widely 
used by engineers. As of January, 
1955, there were 250 CPC’s installed 
in the country. Twenty-five are in 
use by oil and gas companies. All of 
these are actually being used full 
time for engineering and research 
computations in these firms. 

We, therefore, present the detailed 
handling of a type of calculation on 
this specific machine as an illustra- 
tion of what can be done with this 
equipment to those not familiar with 
it, and as an aid to those who al- 
ready have a CPC who may wish 


to take advantage of this work. These 
problems may be readily recoded for 
other computers. 


Model Al CPC 


The Model Al CPC is a combina- 
tion high speed computer and print- 
er. As a computer it has great ver- 
satility; as a printer of both alpha- 
betical and numerical characters it is 
highly flexible and can turn out con- 
tinuous printed sheets at the rate of 
100 printed lines per minute. The 
format of this printed material may 
be designed to suit the problem. For 
this reason the CPC not only can 
perform numerical calculations at 
high speeds but can literally print 
a complete statement of each prob- 
lem it is to solve, solve the problem, 
and then print the answer with great 
flexibility as to form. Many engineer- 
ing calculations when specifically pro- 
grammed for the machine may be 
performed at a great saving in com- 
puting time, at a significant improve- 
ment in accuracy, and at a great im- 
provement in neatness and complete- 
ness. 

The solution of the flash calcula- 
tion is a good example of these ad- 
vantages. Flash calculations are an 
integral part of all reservoir and 
process engineering calculations. 
They are required whenever it is de- 
sirable to know how much hydro- 
carbon liquid and vapor coexist in 
a vessel or in a reservoir at a given 
temperature and pressure, and when 
it also may be required to know 
compositions of the coexisting liquid 
and vapor fluids. 
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Flash Calculations 


A flash calculation, schematically, 
is frequently described by imagining 
a chamber (see sketch) into which 


VAPOR PRODUCT 


(if aay) 


FEED MIXTURE 


be ell lie 
wid, oll vaper, 


LIQUID PRODUCT 
or winters of 
beth) (if aay) 


a hydrocarbon mixture of known 
composition is flowing continuously. 
The chamber is maintained at a fixed 
and given temperature and pressure. 
At steady state, i.e., no accumula- 
tion in the chamber, what goes in 
must come out. The problem is to 
determine just what does come out 
if all fluids entering as feed are 
brought to a given temperature T, 
and pressure P, before they are al- 
lowed to emerge from the vessel. 
How much, if any, vapor emerges 
for every unit quantity of feed to 
the chamber? What is the composi- 
tion of this equilibrium vapor? What 
is the composition and quantity of 
the liquid product if there be any? 
These are the questions answered in 
the flash calculation step in nearly all 
of our reservoir, separator, and refin- 
ery calculations. 


Mathematically speaking, the solu- 
tion of the flash calculation is a solu- 
tion of a set of simple algebraic 
equations. The unknowns in the 
equations are the vapor fraction in 
the product and the individual con- 
centrations of each component of the 
mixture in each product phase. As 
the number of components in the 
mixture increases, the difficulty of 
solving the equations increases, since 
for each additional unknown we 
must add another equation to the 
set which must be solved simulta- 
neously. Most of the mixtures we 
are interested in contain 10 or more 
components. Reservoir fluids fre- 
quently are carried as mixtures of 
15 or more components, while for 
stock tank, separator, and low tem- 
perature separator calculations, mix- 
tures can be considered to be made 
up of 11 or less components. When 
making calculations of this type, par- 
ticularly when making a series of 
these, where the results of one flash 
are used to perform another and so 
on, extensive and accurate “book- 
keeping” of the quantities and con- 
centrations of the individual com- 
ponents is required. The CPC not 
only performs the necessary comput- 
ing in a matter of minutes, but also 
prints an accurate and neat record 
of stream quantities and other fac- 
tors. 


Programming Procedures 

Two general programming proce- 
dures were devised for the CPC.* 
The first is a program applicable pri- 
marily for separator calculations. 
This program may be conveniently 
and efficiently used in calculating op- 
timum separator pressures and tem- 
peratures in single and in series stag- 
ing of well effluent type feed streams 
of up to 11 components. CPC time 
required per equilibrium flash for 
this program is four minutes. The 
second program is designed primarily 
for reservoir flash calculations at ele- 
vated pressures or for process cal- 
culations at very low temperatures 
where the equilibrium constants, or 
K values, used in the calculation vary 
significantly with the composition of 
the feed stream. In this program the 
K values used by the machine in a 
given flash calculation are not neces- 
sarily correct and must be checked 
against the properties of the equilib- 
rium vapor and liquid phases ob- 
tained using the trial set of K’s. 


The CPC therefore is programmed 
to compute the results of the flash 
calculation in the ordinary sense as 
well as to compute all generalized 
properties of the equilibrium vapor 
and liquid phases which are useful in 
checking the appropriateness of the 
set of K’s initially assumed. In addi- 
tion, other generalized properties of 
the equilibrium phases which are use- 
ful in step-wise gas depletion calcula- 
tions are computed at the same time. 
This second program will handle 
mixtures containing up to 20 com- 
ponents in seven minutes or less of 
machine time. The two programs are 
described separately in the discussion 
which follows. 


Separator Calculations 


Perhaps the most convenient and 
effective way to describe the machine 
calculation for the first program, 
used for separator calculations and 
the like, is by reference to Fig. 1. 
Here we have the printed record as 
produced by the CPC of a typical 
calculation of the stock tank bar- 
rels and the API gravity obtained 
(lines 106 and 109) when a feed 
stream of 1,968 mols (line 22) of 
condensate, processed from a typical 
well, is flashed to stock tank condi- 
tions of 60° F 14.7 psia (line 24). 


The analysis of the feed stream 


*Prior to receiving the CPC the Research 
Dept. of United Gas Corp. was performing 
flash calculations on the IBM model 604. Pro- 
cedures used on this machine were described 
in a recent paper.* 


is given on lines 10 through 20. This 
analysis consists not only of a state- 
ment of the mols of each component 
but also of adequate identification of 
each component. For example, line 
18 containing “Component 9” con- 
tains the information that there are 
262 mols of this component in the 
feed stream and that this component 
is a fraction whose average boiling 
point is 325° F. 

The total number of mols in the 
feed stream follows the listing of the 
mols of each component (line 22). 
This is followed by a printed line 
containing the temperature and pres- 
sure at which the flash calculation is 
to be performed (line 24). 


Twenty Questions Method 

After the machine computed the 
fraction of the feed in the equilib- 
rium vapor phase (line 27) accord- 
ing to the 20 questions method orig- 
inally described by Rachford’ and 
reported also in Reference 4, the 
machine lists this computed value to 
five significant figures. Other results 
of the flash calculation are listed on 
the line immediately below “Equilib- 
rium Phases.” These numerical re- 
sults are presented in six columns 
headed 1 through 6. The significance 
of each of the six columns is ex- 
plained in a separate section begin- 
ning with line 49. 

On line 45 the total number of 
mols in the vapor phase appears un- 
der column 5, If these mols are sub- 
tracted from the total mols of feed 
(line 22), the mols of liquid are ob- 
tained since, by material balance, 
mols of vapor product plus mols of 
liquid product must equal mols of 
feed. 

A significant check on the accu- 
racy of the vapor fraction, listed on 
line 27 and used to compute values 
in columns 3, 4, 5, and 6, is listed 
on line 47. This value, called “Check 
on Vapor Fraction,” is the quotient 
obtained by dividing total vapor mols 
by total feed mols (line 45 divided 
by line 22). The extent to which the 
original listing of the vapor fraction 
found on line 27 (obtaining by the 
iterative process of the 20 questions 
method) agrees with the value com- 
puted on line 47 is an indication of 
the accuracy of the results in col- 
umns 3, 4, 5, and 6. 

Lines 57 through 70 describe 
briefly how to locate the decimal 
point for all numbers listed in the 
first 47 lines of the calculation. 

At the end of the above flash cal- 
culation, if desired the machine will 
store and print as a new feed stream 
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beginning with line 75 either the 
mols of vapor which are computed 
and listed in column 5, lines 33-43, 
or the mols of liquid which were 
computed and listed in column 6, 
lines 33-43. The option is achieved 
by the proper instruction cards. 
Therefore, a “blue” program deck 
has been set up to exercise the for- 
mer choice and a “green” program 
deck has been set up to exercise the 
latter choice. In the case of Fig. 1 
it becomes apparent that the green 
deck was used since the mols listed 
in lines 75-85 are identical with 
those in column 6, lines 33-43, above. 


Third Program Deck 

A third program deck which we 
will call the barrels or “yellow” deck 
may be added in series with the 
green deck according to the demands 
of the particular problem. If the yel- 
low deck follows the green deck 
through the CPC, as is the case for 
the calculation shown in Fig. 1, the 
number of barrels equivalent to the 
total mols of liquid, as listed on lines 
75 through 85 and totaled on line 
88, are computed. This number is 
listed on line 107 as “Barrels of 
Stock Tank Liquid.” 

Lines 92 through 103 lists the den- 
sities in pounds per barrel < 100 
and the molecular weights 100 of 
each component. These values are 
necessary data for the calculation of 
the barrels and the API gravity (lines 
106 and 109). Values of density and 
molecular weight may be standard- 
ized, however, to the point that they 
may be considered as part of the pro- 
gram deck. 

If, instead of desiring to compute 
the barrels equivalent of the liquid 
product of a given flash calculation, 
we wish to compute the result of a 
second flash using the liquid product 
of the first as feed, the only new 
data required are the equilibrium 
constants for the new equilibrium 
condition. New K’s then replace the 
old ones and the same green deck 
is re-run through the machine (after 
setting aside lead off or clear cards 
and data cards containing the initial 
feed mols). Upon this second pass 
of the green deck the data and re- 
sults of the second flash are again 
printed in the same form (lines 2- 
70) as before and directly below the 
results of the first. By substituting 
new sets of K’s for old ones each 
time, a series of flash calculations on 
the initial condensate liquid may be 
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achieved for any number of stages. 
If the last stage corresponds to the 
stock tank, the yellow deck may be 
added to the green deck on the final 
pass to compute and print the bar- 
rels of stock tank make correspond- 
ing to the initial mols of feed at the 
outset of the computation. In a like 
manner the blue deck may be passed 
through CPC over and over again 
each time substituting a new set of 
K values to achieve the results of a 
multi-stage or series condensation 
calculation based on the initial feed 
stream. 

Because we can alternate the pas- 
sage of blue and green decks through 
the CPC at will, it is possible to have 
the machine perform automatically 
and without interruption a compli- 
cated series of flash calculations in 
which the feed to any given equilib- 
rium stage may be the vapor or the 
liquid product of the preceding flash 
calculation. This flexibility has been 
used to simulate an LTX unit as a 
complex series of flash and condensa- 
tion calculations. 


High Pressure Reservoir and 
Low Temperature Process 
Calculations 


Two Methods 

Two effective methods for predict- 
ues, when these constants are func- 
ing equilibrium constants, or K val- 
tions of composition, are: 

1. The Kellogg method’ and its de- 
rivatives, namely the method of 
DePriester’ and the method of 
Edmister and Ruby’. 


The method of Organick and 
Brown.” 


At elevated pressures (above about 
1,000 psi) and at low temperatures 
(below about 40° F) the composi- 
tion of mixtures we frequently en- 
counter for our flash calculations are 
such that K values for components 
in these mixtures are sensitive to 
changes in composition. Many res- 
ervoir calculations fall in this cate- 
gory and some LTX calculations and 
low temperature gas absorption cal- 
culations also fall in this category. 
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Fig. | —Sample flash caleulation for 11 components used for stock tank 
and separator calculations. 
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In this case the contents of the res- 
ervoir at 5,500 psi, given in mols on 


readjust 
y on any reservoir 


values as 
age boil- 
ation are 


values as 
which define 
Next, the actual 


K 


, using K values 


10,000 (line 31). 


ponding section of Fig. 1. Note that 
both the total mols of equilibrium 
vapor and of equilibrium liquid are 
given on line 59 and that the com- 


puted vapor fraction is given only 


defines K 
defines 


in order to perform 


2 
The example shown here is 


To perform a flash calculation 
a flash calculation which might be 
performed during a stepwise gas de- 


using either method, a set of K val- 


The next section in Fig. 2 (lines 
77-96) is a table of 1ysical prop- 


The first trial in Fig. 2 is an ex- 
ample of this computational process 
run on the CPC in a single pass of 


Results of the flash calcul 
printed on lines 35 through 62 in 


much the same way as in the corre- 


Therefore, 
these engineering calculations as ac- 


Method 
functions of a correlating pressure 


parameter, P,, which in turn also is 


Method 
functions of two phase composition 


parameters, the molal average boil- 
ing points of the equilibrium liquid 


curately as is presently possible, we 
and vapor phases respectively. 


must employ methods such as 1 or 2 
above for selecting K values to be 
used in these engineering calcula- 


tions. 
a function of two phase composition 


parameters, the molal aver 
ing point of the vapor phase and the 
weight average equivalent molecular 


weight of the liquid phase. 
ues must be selected based on esti- 


mated or guessed values of the com- 


position parameters 


these values of K. 
to compute the values of the com- 


position parameters from the com- 
tions and see if the correct para- 


meters were used or, if not 
5,000 psi at the bottom-hole tem- 
F 


tion in Fig. 2, lines 10 through 115, 
is about seven minutes. 

to five places. As in Fig. 1, a section 
of explanatory notes on column 
headings and decimal point location 
is given on lines 64 through 72. 


lines 11 through 29, are flashed at 
CPC time required for the calcula- 


iterative computation is performed 
using these K’s. This iterative process 
produces the compositions of the 
equilibrium phases. The next step is 
puted equilibrium phase composi- 


the estimate for a second trial. 


Selecting K Values 
cards. 

pletion stud 
perature of 220° 
defined at Px 
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erties of the components in the mix- 
ture. The machine then computes 
and lists average vapor and liquid 
properties using the listed values be- 
ginning on line 99. Three properties 
of the vapor phase are computed and 
listed, the molal average boiling point 
(used in methods 1 and 2) and the 
pseudo critical temperature and pres- 
sure. These pseudo critical proper- 
ties are useful in determining com- 
pressibility factors of vapor phases. 
Four properties of the liquid phase 
are computed and listed, the molal 
average boiling point (for method 
1), the molecular weight, the weight 
average equivalent molecular weight 
(for method 2), and the propanes 
plus density. The second and fourth 
liquid phase properties are useful in 
computing liquid phase densities. 


Correctness of P,, 

In method 2 the correctness of 
the assumed value of Px may be 
checked automatically as soon as the 
machine has computed the vapor 
phase boiling point and the liquid 
phase equivalent molecular weight. 
Fig. 2 illustrates a calculation in 
which these checks are made auto- 
matically on a routine basis. 

The mixture is first flashed at 
5,000 psi and 220° F using K values 
for a Px of 10,000. Values of the 
computed equilibrium phase proper- 
ties are printed on lines 100-110. 
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Based on these values, and with one 
to two minutes additional calculation 
time, the machine computes and 
prints, as on line 113, the value of 
calculated. 


If another set of K values, say for 
Px of 8,000, are selected, the flash 
calculation may be repeated for an- 
other check on Px. This time print- 
ing is suppressed whenever it would 
otherwise duplicate material of the 
first trial at Px, assumed of 10,000. 
Again on line 161 the machine prints 
the value of Px which corresponds 
to the one assumed. 

As illustrated, a third set of K’s, 
at a Px of 6,000, may be tried with 
the Px check shown on line 208. 
Finally, the results of all three checks 
are reprinted on the three-line sum- 
mary beginning on line 213. The 
value at which Px assumed is equal 
to Px calculated is then interpolated 
and printed on the very last line. The 
final value for Px of 6,326 is suffi- 
ciently close to 6,000 that, for most 
purposes, the results of the third 
trial, lines 169-201 are satisfactory 
as final answers. 
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Abstract 

The application of relatively large 
volume fracture treatments using an 
oil-sand mixture at high injection 
rates in wells completed in the Spra- 
berry formation has indicated im- 
proved drainage from the matrix 
rock. This is considered to result 
from enlargement of existing open 
fractures, possibly from opening of 
fractures not previously effective, and 
breaking down existing blockage in 
the vicinity of the wellbore. The re- 
sults of this type of treatment as 
applied to a group of wells in the 
Spraberry Trend Area field are dis- 
cussed with reference to well per- 
formance and economics. 


Introduction 


Extremely small return on invest- 
ment in a group of wells drilled in 
the Spraberry Trend Area field called 
for concerted effort toward stimula- 
tion of production. Production his- 
tory indicated that original recover- 
able reserve figures were inordinately 
above ultimate recoveries which 
could then be foreseen. Many wells 
were facing abandonment with sub- 
sequent writeoff of reserves if means 
of restoring them to production were 
not forthcoming. Other operators 
were experimenting with means of 
increasing recovery, such as water 
imbibition, but results would not be 
known for some time. Satisfactory 
results achieved from formation frac- 
turing by injecting oil-sand mixture 


Manuscript received in Petroleum Branch 
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at high rates in other areas indicated 
possible results from such treatment 
in the Spraberry formation. Particu- 
lar similarity was noted between the 
Spraberry formation and a reservoir 
in Wyoming—both having low per- 
meability, vertical fracturing, and in- 
terbedding with shales. Fracturing of 
the formation in Wyoming using 
high injection rates had been and 
was then being practiced with satis- 
factory results. The decision to apply 
this fracturing technique experimen- 
tally to one well and the results of 
this initial treatment have led to 
numerous wells being fractured in 
this manner. 


History of Development 


The group of wells discussed was 
drilled on 40-acre spacing in the 
Pembrook-North section of the Spra- 
berry Trend Area field during late 
1951 and 1952. All are completed 
in the Upper Spraberry reservoir. 
Ten of the wells were open-hole 
completions, and six completed 
through casing perforations. Gross 
formation sections open average 233 
ft. Like many similar wells, they had 
relatively high initial flowing produc- 
tion rates from which they declined 
rapidly. Prior to the field-wide shut- 
down in April, 1953, three had been 
equipped with artificial lift and a 
fourth had ceased to produce. Arith- 
metic average well capacity had 
reached 29 B/D. 


All of the 16 wells on the three 
leases in the reference group of 


Spraberry wells had been fractured 
in the course of completion. Initial 
fracturing involved injection of 
media in volumes ranging from 3,000 
to 10,000 gal at moderate rates. Pro- 
ductivity before and after this initial 
fracturing indicated that the Spra- 
berry formation would respond to 
such treatment and the improved 
technique was applied experimen- 
tally. The first job indicated good 
results. The well treated had been 
pumping at the rate of 17 B/D. 
After removing tubing and treating 
the formation with 20,000 gal of 
oil-sand mixture at an average in- 
jection rate of 12 bbl/min, the well 
capacity was increased to 70 B/D. 
The average injection rate attained 
during this first experimental treat- 
ment was not as high as desired due 
to mechanical limitations. Modifica- 
tion of design and development of 
new equipment have permitted higher 
injection rates in the range from 30 
to 67 bbl/min. 


Experience in treating the first 
Spraberry wells indicated that when 
the media were injected at normal 
rates the entire formation section of 
200 ft plus apparently was not af- 
fected. Fractures in the upper part 
of the formation probably took the 
fluid, as evidenced by free sand ac- 
cumulation in the hole covering much 
of the lower part of the section. The 
theory that this could be overcome 
by increased injection rates was borne 
out in subsequent treatments, after 
which free sand accumulation im- 
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TABLE | — INDIVIDUAL WELL DATA SHOWING EFFECT OF HIGH VELOCITY FRACTURING 
Initial Prior to Potential After Current 
Potential Data Hi-Velocity Fracture Fracturing Productivity 
Oii Water Oil Water Oil Water Oil Water Since 
B/D % GOR B/D Yo GOR B/D % Gor B/D % Gor Treatment 
LEASE A 
Well No. | 251 5 640 17 20 946 129 8 1,150 30 13 2,307 14 
Well No. 2 125 2 321 24 12 5,420 108 21 1,010 65 17 1,904 9 
Well No. 3 332 2 558 26 10 8,876 315 5 1,050 47 13 1,946 9 
Well No. 4 78 5 651 14 12 4,526 128 WW 1,190 32 13 3,306 10 
LEASE B 
Well No. 1 462 2 73) 65 10 3,292 287 3 1,120 218 12 2,990 9 
Well No. 2 571 0 779 60 8 6,129 212 15 920 132 12 3,770 9 
Well No. 3 299 2 847 13 10 4,028 148 13 1,050 69 20 2,980 10 
LEASE C 
Well No. 1 268 0 964 4 1 4,341 499 3 1,237 40 12 3,740 12 
Well No. 2 220 0 700 0 0 0 51 8 1,830 34 7 4,460 3 
Well No. 3 131 0 740 27 4 2,180 248 22 1,760 45 8 3,710 6 
Well No. 4 212 2 1,174 33 4 3,740 249 1 1,567 36 8 10,000 9 


mediately following treatment was 
found only in very minor amounts 
at the bottom of the wellbore. 


Volumes of lease crude flush oil 
were increased in subsequent treat- 
ments from 111 bbl to a maximum 
of 576 bbl in excess of casing ca- 
pacity. The majority of the treat- 
ments were over-flushed with 300 to 
350 bbl each. This was done for 
two reasons: first, it was thought that 
at least part of the effect of these 
treatments is a result of abrasive ac- 
tion of the oil-sand mixture working 
in existing effective and previously 
non-effective fractures; and second- 
ly, the need was recognized for as 
great a penetration of the fractures 
as possible, moving the oil-sand mix- 


ture away from the wellbore. This tial tests after high injection rate 3 200 ‘ 
effect has been evidenced by the fact ‘Fracture treatment in these wells av- F « 

that in treated wells where large vol- ¢raged 216 B/D, with a weighted = ¢ na 

umes of flushing oil in excess of average GOR of 1,242 and average = g/ ——— —~ 

casing capacity were used, there has -Waler production 9.7 per cent of 
been very little sand fill-up found in total fluid. Current production capac- |, 
the hole even after months of pro- ity of these wells, after periods ramg- — S'nowtys serone Fractune MONTHS AFTER FRACTURING 


duction following high velocity frac- 
turing. Relatively high water produc- 
tion for brief periods immediately 
following these high injection rate 
fracture treatments has indicated 
break-down of water blockage in the 
vicinity of the wellbore. As a result 


. : = had been reduced to an average of : 
} : 963 psig in July, 1954. This forma- 5 
tion pressure drop is in proportion « 
to increased withdrawal following © 
— = fracturing. Bottom-hole pressure Fig. 3 — Effect of high velocity frac- ‘ 
= —4 build-up tests run in a number of turing on average water production 
7 an these wells indicate that differences and GOR. 
- in formation pressure between high 
| velocity fractured and untreated wells 
= 4 are negligible, and build-up rates 4 & 
were slightly higher in wells frac- 
tured using this technique. 109009 
Productivity indices of representa- 5 ONS ONO 
*° fractured wells from this group 3 


Fig. | — Productivity indices of wells 
of various productive capacities after 
high velocity fracture treatment. 
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of development of the application of 
this type of fracture treatment to 
Spraberry wells, 11 of these 16 wells 
have been fractured with satisfactory 
results. Table | shows the results of 
this type of treatment for individual 
wells. 


Production History and Data 


Initial production rates for the 11 
wells fractured at high injection rates 
averaged 277 B/D. Prior to fracture 
treatment they had declined to an 
average of 27 B/D. Weighted average 
GOR’s for the same period had in- 
creased from 759 to 3,779. Average 
water production had risen from 1.8 
to 9.6 per cent of total fluid. Poten- 


ing from three to 14 months follow- 
ing high velocity fracture treatment, 
averaged 68 B/D. Current weighted 
average GOR is 3,804 and water pro- 
duction averages 12.3 per cent of 
total fluid. 

Reservoir pressures at —4,400 ft 
datum under these three leases aver- 
aged 1,422 psig in mid-year 1953 and 


have declined to a current average 
of 0.348. The range in July, 1954, 
was 1.16 to 0.03. It was noted that 


wells capable of higher producing 
rates had higher measured produc- 
tivity indices as shown in Fig. 1. 
Three of the wells fractured at high 
velocity were produced by artificial 
lift before treatment, and it was nec- 
essary to continue this means of pro- 
ducing them after treatment. Two 
other fractured wells which had pre- 
viously been produced by flowing 
were subsequently put on artificial 
lift due to cessation of flow. 

After producing periods of three 
to 14 months following high velocity 
fracture treatment, all of the 11 wells 
have productive capacities in excess 
of those prior to such treatment. 
Figs. 2 through 4 show average 


Fig. 2 — Average daily production of 
11 fractured wells before and after 
treatment. 


Fig. 4 — Effect of high velocity frac- 
turing on cumulative production 
curve for three leases. 
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Fig. 5 — Lease C, Well No. 4, treated 
Feb. 23, 1954. 


monthly per well production for the 
group of wells before and after high 
velocity fracturing, and the effect 
of such treatment on average water 
production, GOR, and cumulative 
production. The effect of high veloc- 
ity fracturing on GOR was to reduce 
them near the initial level with sub- 
sequent increase paralleling that pre- 
viously experienced. 

Figs. 5 through 8 show individual 
history before and after high velocity 
fracturing for representative wells in 
the group treated. Increased rate of 
formation pressure drop indicated in 
each case reflects increased with- 
drawal. The bottom-hole pressure 
readings were taken at -4,400 ft 
datum following a 72-hour shut-in 
period. 


Economies 


Cost of these high velocity frac- 
ture treatments varied with type of 
well completion, size of treatment, 
and equipment used. 

Wells completed through casing 
perforations required very little clean- 
ing out and, subsequently, treating 
costs were lower. Open-hole comple- 
tions required cleaning out before 
treatment. Experience in other areas 
had shown that where liners were 
not run in open-hole completions, 
TABLE 2— COMPARATIVE AVERAGE COST OF 
HIGH VELOCITY FRACTURE TREATMENT IN WELLS 


COMPLETED IN OPEN HOLE AND THROUGH 
CASING PERFORATIONS 


Open Hole Csg. Perf. 
Pulling and running tubing 
and swabbing well in. $ 1,000 $2,000 
Liner 275 
Clean out work 1,800 
Treating cost 7,300 6,200 
Trucking 425 400 
Labor ‘Company) 300 250 
Mise. (Tool rental, super- 
visor, general expenses) 900 250 
$12,000 $9,100 
Notes 
Casing Size 7-in (open-hole 5'/2-in (Perf.) 
completion) 
Number of Trucks 8 6 
Treating Oil Volume 21,000 gal 21,000 gal 
Sond Used 31,500 Ib 31,500 Ib 
16 


considerable cleaning out was re- 
quired following the fracture treat- 
ment due to the accumulation of 
formation debris. The cost of run- 
ning a perforated liner was less than 
the cost of such cleaning out. 


The amount of oil-sand mixture 
used and injection rate desired di- 
rectly affected the material and equip- 
ment involved such as treating oil, 
sand, pump trucks, mixing trucks, 
and tankage for lease crude flush- 
ing oil. The casing size in the well 
treated controlled the number of 
pump trucks and mixing trucks, as 
well as the amount of lease crude 
flushing oil storage required. In order 
to stay within safe limits regarding 
the yield strength of the casing, the 
policy of limiting wellhead pressure 
during treatment to a maximum of 
2,000 Ibs was adopted. This gener- 
ally limited the injection rate in a 
well completed with 512 -in casing to 
38 bbl/min, and a maximum of six 
pump trucks were required. Injection 
rates between 50 and 67 bbi/min 
were possible in treating wells com- 
pleted with 7-in casing. This permit- 
ted using seven and eight pump 
trucks without reaching the safety 
limit. Even operating within this 
safety limit, casing rupture can occur 
as was evidenced in one of the wells 
treated. 


Experience showed that swabbing 
costs could be materially reduced by 
following the practice of running 
tubing with a packer immediately 
after treatment. Approximately half 
of the treating volume was then 
swabbed out of the well. If the well 
failed to flow at this point, it was 
then put on artificial lift. 


Typical costs of high velocity frac- 
ture treatment in weils completed in 
the open hole as compared with 
those completed through casing per- 
forations are illustrated in Table 2. 
Table 4 shows individual well-treat- 
ing data for reference. 


The cost of treating the group of 
11 wells, inciuding casing repairs in 
one well, was approximately $150,- 
000. This cost includes running liners 
in all open-hole completions. The 
gross value of oil recovered follow- 
ing high velocity fracturing less that 
of oil which normally could have 
been recovered during the same pe- 
riod without fracturing is approx- 
imately $370,000. This reflects a net 
value for additional recovery to date 
of $220,000, with a current rate of 
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Fig. 6 — Lease B, Well No. 2, treated 
Nov. 19, 1953. 
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Fig. 7 — Lease C, Well No. 3, treated 
Nov. 15, 1953. 
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Fig. 8 — Lease C, Well No. 1, treated 
Sept. 5, 1953. 
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Fig. 9 — Monthly oil production on 

Leases A, B and C combined. Proj- 

ected broken line curve represents 

probable trend without high velocity 
fracturing. 
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Well Completion Size 
No. Da Casing 
lease A 1 12- 7-51 7-in 
2 3- 6-52 7-in 
3 1-31-52 7-in 
4 3-15-52 7-in 
lease B 1 12- 9-51 7-in 
2 12-22-51 7-in 
3 1-15-52 7-in 
lease C 1 1-17-52 7-in 
2 8- 5-52 7-in 
3 8-21-52 5%-in 
4 11- 2-52 5%-in 
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Fig. 10 — Monthly oil production, 
Lease A. First high velocity fracture 
in June, 1953. 


TABLE 3 — ECONOMIC RESULTS TO AUG., 1954, 
FROM HIGH VELOCITY FRACTURING ON THREE 


LEASES 
Projected gross production (without 
treating) cael 74,281 BO 
Gross actual production (ofter treat- 
ing) 206,534 BO 


Gz-in in gross production as a result 
of treatment 132,253 BO 
Value of gross production increase — $370,308 


NOTE: Value of increase in production was cal- 


culated at $2.80/bbi with no allowance for 
lifting costs, royalties, or taxes. 


production substantially above that 
prior to the initiation of this frac- 
turing technique in the Spraberry 
reservoir. 
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TABLE 4 —- TREATING DATA 


High Velocity Fracture Treatment Data 


Max. Treating Avg. Injection Overflush 


Type *Treating 
Completion Date Oil-Gal Pressure Rate—BbI/min Bbi 
Open Hole 6-15-53 20,000 750 18 Wt 
Open Hole 11-30-53 30,000 925 40 392 
Open Hole 11- 8-53 21,000 1,175 27.3 295 
Open Hole 10-11-53 20,000 1,000 29.8 206 
Open Hole 11-29-53 21,000 1,050 39.9 353 
Open Hole 11-19-53 21,000 1,100 37.5 356 
Open Hole 10-29-53 21,000 900 29.4 300 
Perforated 9- 5-53 13,660 900 28 176 
Perforated 5-19-54 21,000 1,825 33.6 642 
Perforated 2-23-54 21,000 2,000 30.1 576 
Open Hole 11-15-53 21,000 1,800 26.3 306 


atl cases treating oil carried 11/2-lb of sand per galion. 
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Fig. 11 — Monthly oil production, 
Lease B. First high velocity fracture 
in Oct., 1953. 


The substantial increase in amount 
of oil produced from these three 
leases during the period is evidenced 
by the accompanying curve in Fig. 9. 
The broken line projects the trend of 
production decline prior to fractur- 
ing, while actual production is shown 
by the plotted curve. This graph is 
interpreted in Table 3. Figs. 10 
through 12 are similar curves for the 
three individual leases. 
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Fig. 12 — Monthly oil production, 
Lease C. First high velocity fracture 
in Sept., 1953. 


Conclusion 

We have outlined the results of 
fracturing a group of Spraberry wells 
by injection of oil-sand media at high 
rates. It is demonstrated that in one 
section of the Spraberry Trend Area 
field such treatments, when applied 
in wells completed in the Upper 
Spraberry formation, result in an 
increased rate of production which 
is maintained long enough to return 
the cost of the treatment and for 
an indeterminate period thereafter. 
This result is accompanied by little 
change in the performance trend of 
formation pressure, GOR, or per- 
centage of water produced. wk 
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The LUFKIN Air-Balanced Unit 

has been accepted as a member 

in good standing of the LUFKIN 

line of superior pumping equipment 
as indicated by the many repeat 
orders we are receiving from 
satisfied customers. 


EXPLANATION OF UNIT 
DESIGNATION 
@ A—FOR AIR COUNTERBALANC 


REDUCE 
PEAK TORQUE) 


(144 INCHES) | 


~MAXIMUM STROKE 
APACITY 


35 —PEAK POLISHED ROD Cc 
AVAILABLE FOR QUICK 


DELIVERY IN THE 
FOLLOWING SIZES: 


*A-912D-144-35 
A-912D-120-35 
A-912D-120-30 
A-640DB-144-35 
A-640DB-120-35 
A-640DB-120-35 
A-456DB-120-30 
A-456DB-100-30 
A-320D-100-27 
A-320D-86-27 
A-228D-86-23 
A-228D-74-23 
A-160D-74-20 
A-160D-64-20 
A-114DA-64-16 
A-114DA-54-16 
A-80DB-54-16 


© Great Bend, Kar 


APPROVAL THE FIELD 
| 


our 
PLANT 


ore invited to visit us 

YOU anyfime ... and we'll be 

mighty pleased’ to show. you our BETTER 
FACILITIES ... FOR BETTER. SERVING YOU. 


PGAC-555 


General Offices and Maia Street — Sales Office: Melrose Building 


35 PGAC OFFICES ALWAYS READY TO SERVE YOU... CALL THESE TELEPHONE NUMBERS FOR PROMPT SERVIC! 
TEXAS: Houston, JA-9-4161 — Corpus Christi, TU-3-1324 — Dallas, RA-2943 — Longview, PL-9-4486 — Alice, 4-3424 — Abilene, 2-4172 — Wichita Falls, 2-71! : 
Gainesville, HO-5-2501 — Odessa, 6-6428 — Beaumont, 2-4263 — Victoria, HI-5-1972 — Graham, 1728 — Pampa, 4-9932 — Colorado City, 7 


4-2396 — Houma, 2-2771. KANSAS: Great Bend, 4306 — Libera! “483 


LOUISIANA: Shreveport, 3-1648 — Lake Charles, HE-9-4724 — Lafayette, 
313. NEW MEXICO: 


OKLAHOMA: Oklahoma City, CE-2-5342 — Pauls Valley, 1577 Seminole, 2938 — Healdton, 77 — Ardmore, 857 — Perr 
AFFILIATE COMPANIES:  ¢ \DA — Perforating Guns of Canada, Ltd.; Edmonton, Alberta 
Kddienst G.m.b. H.; VENEZUELA Servicios Tecnicos Atlas, 


Deutsch- Amerikanische O feld 


pO: 
3 
q 
PERFORATING GUNS ATLAS CORPORATION 


IDECO, Dallas, Tex.—Hydrair and 
Power Rigs; Full-View Masts; 
Substructures; Single, Dual and 
Drive-in Rambler Rigs; Blocks, 
Swivels, Rotaries; Mud-Pumps; 
Petroleum Equipment and Supplies. 


CLARK BROS. CO. DIVISION, 


PACIFIC PUMPS, INC., Hunt- 


Olean, New York—Engine$ and 
reciprocating, centrifugal, and 
axialflow compressors — gas, 
steam, electric and diesel driven. 


SECURITY ENGINEERING DIVISION, 
Dallas, Tex., Whittier, Calif. —Rock 
bits, coring bits, reamer rock bits, 
reamers, casing scrapers, Securaloy. 


ington Park, Calif. — Centrifugal 
pumps for refineries, power sta- 
tions, pipelines, and chemical 
plants; plunger pumps for oilwells. 


the mud with the extra quality 


Magcobar quality drilling mud products... plus prompt at-the-rig engineering 
service . .. are an unbeatable team in today’s highly specialized drilling operations. 
Magcobar’s modern mines and plants, the industry's largest producing facilities, 
provide the most complete line of drilling mud products in the world today. 
To augment these facilities, Magcobar research laboratories are constantly striving 
to make drilling operations more efficient and economical. Around-the-clock service 
at your rig is provided by Magcobar engineers who travel in laboratory-equipped 
cars, planes and boats in all active North American oil fields. This great combina- 
tion — quality and service — is available to you through more than 400 Magcobar 
dealers. Call them for prompt at-the-rig service and the finest mud available. 
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ROOTS-CONNERSVILLE BLOWER 
DIVISION, Connersville, Ind.— 
Rotary positive blowers, gas pumps, 
centrifugal blowers, exhausters, 
and positive displacement meters. 


Dresser plus+ 


Work Sece 


Offshore drilling takes ocean-going experts. Magcobar drilling muds 
and Ideco drilling equipment are a seaworthy team bringing the Dresser 
Plus # to Kerr-McGee’s rig No. 44 off the Gulf Coast. Carefully developed 
suspending and sealing properties and high quality standards make Mag- 
cobar drilling muds extra dependable for economic, efficient drilling... 
anywhere. To supply offshore locations with specially packaged mud addi- 
tives, Magcobar and its dealers operate an extensive barge fleet along the 
Gulf Coast. Ideco equipment on the big Kermac rig includes Airflo 1350-S 
rig, Hydrair H-35-S rig, 400-ton Big Shorty block, 300-ton Streamlined 
swivel, Streamlined oil-bath rotary, two Clark-Ideco T-880 slush pumps, and 
driller’s console. 

The Dresser Plus »* is the extra plus value you get when you are 
served by any one of the Dresser Industries. Operating independently to 
assure maximum attention to your specific needs, these Dresser companies 
work together to provide a versatile group of research, engineering and 
manufacturing services. On land or sea... Dresser oil, gas and chemical 
equipment and services are the standard of comparison the world over! 


DRESSER 


REPUBLIC 


LANE-WELLS CO., Los Angeles, 
Calif., Houston, Tex., Oklahoma 
City, Okia.—Electric and Radio- 
activity Well Logging, Koneshot 
perforating and bullet perforat- 
ing. packers and bridging plugs. 


NATIONAL BANK BUILDING 


IDECO 


DRESSER-IDECO DIVISION, 
Columbus, Ohio — Radio and 
television broadcasting towers, 
steel buildings, aircraft hangars, 
mechanical parking garages, 
electric power substations. 


DRESSER. 


MANUFACTURING 
DIVISION 


DRESSER MANUFACTURING 
DIVISION, Bradford, Pa. — Pipe 
line couplings, pipe repair sleeves 
and clamps, weldments, forgings 
welding fittings, flanges, rings. 


STRIES, INC. 
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TWICE MUCH 
LUID OPENING 


with the GUIBERSON 
FUL-FLO SQUARE NELLY 


Guiberson's Ful-Flo Square Kelly gives you more than twice 
the fluid opening of conventional bored forged kellys. 

This means more volume circulated with less pump pressure. 
Kelly 1s designed to work smoothly with Guiberson 

Drilling Heads as well as in conventional rotaries. Ful-Flo 


kelly 1s ideal for drilling, reverse circulation and clean-out jobs. 


MORE ADVANTAGES 


@ Feeds easily through kelly bushing because of smooth, 


straight sides. 
® Won't whip because it’s perfectly balanced. 


@ Less wear—passes easily through the packing rubber. 


® Gives maximum flow—smooth liner tube walls with no offsets 


or restrictions. (Take a look through one!) 


@ Greater stability and perfect balance reduce wear on related 
drilling equipment. 


Built like a truss, the 
Ful-Flo Square Kelly 
is extremely strong, 
but with less weight 
Square, seamless out- 
side tubing is welded 
securely to seamless 
liner tube. Every kelly 
is tested at 3,000 PSI. 


ESTABLIS: > 
Sold By QM Suppl) 
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FIELD CASE HISTORY 


SECONDARY RECOVERY OPERATIONS 
in the TIJERINA NO. 3 UNIT RESERVOIR 


N. A. OLANSEN 
JUNIOR MEMBER AIME 


Introduction 


The purpose of this paper is to present the produc- 
tion history of the Tijerina No. 3 Reservoir from its 
initial development in April, 1945, through April, 1954, 
including primary development, unitization, and sec- 
ondary recovery by high pressure gas injection. Partic- 
ular attention is given reservoir performance as influ- 
enced by the migration of fluids in a continuous but 
erratic sand of low permeability. It is interesting to note 
that, from material balance calculations, apparently 
little or no injected gas goes into solution with the 
remaining reservoir oil, even though reservoir pressure 
has been increased an average of 700 psi. 


Location and Geology 

The Tijerina No. 3 Reservoir is located in the south- 
west portioh-of the Tijerina-Canales-Blucher field, ap- 
proximately 2 miles northeast of the town of Premont, 
Jim Wells County, Tex. It is the deepest member of 
a series of lower Oligocene (Frio) Sands productive 
in the field, lying at an approximate depth of 7,200 ft 
subsea. 

Structurally, the reservoir is a permeability trap lying 
on an erratic monocline, with an average southeast dip 
of 170 ft per mile. There is no faulting present to 
break the continuity of the sand. A structure map 
drawn on the top of the sand is shown in Fig. 1. 

The productive limits of the reservoir are defined 
by shale outs and dry tests except in an area to the 
northwest; where, due to the lack of geological control, 
the location of the strand line is assumed. The oil col- 
umn is bounded in this area by a small gas cap, the 
original gas-oil contact having been established at 
7,058 ft subsea by drill stem and production tests run 
during development. There is no evidence of a water- 
oil contact in the reservoir. 

The sand is described as being firm, fine-grained, 
medium to hard, with scattered shale streaks occurring 
near the strand line. It possesses a low and erratic 
permeability as substantiated by PI’s which ranged from 
0.020 to 0.114 in five wells when measured in April, 
1948. A typical electric log is shown in Fig. 2. 


Development 
Production from this reservoir commenced with the 


Manuscript received in Petroleum Branch office on Aug. 30, 1954. 
Paper presented at Petroleum Branch Fall Meeting in San Antonio, 
Oct. 17-20, 1954, 
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THE TEXAS CO. 
ALICE, TEX. 


completion of The Texas Co.’s H. C. de Tijerina No. 
20-T in April, 1945. Until Oct., 1947, development 
was limited to three wells which produced from 140 
to 200 B/D. From Oct., 1947, to April, 1948, seven 
additional wells were completed with average daily pro- 
duction reaching 598 bbl in May, 1948. This peak was 
immediately followed by an abrupt decline in produc- 
tion coupled with increased gas-oil ratios. A graphical 
presentation of the monthly production history is shown 
in Fig. 3. 

The general practice in completing wells consisted 
of drilling through the sand with water-base mud, set- 
ting 5%-in OD casing to total depth, and gun per- 
forating the desired interval. In most cases, the entire 
sand section was included in the perforated interval. 


Unitization 


During the period from April to Dec., 1948, approx- 
imately 80 bbl of oil were produced per pound per 
square inch drop in reservoir pressure. All indications 
pointed to early dissipation of the solution gas drive 
with a resultant low ultimate recovery. In April, 1949, 
the operators met to discuss unitization of the reservoir 
for the purpose of commencing a gas injection project. 
An engineering study was made with the following 
conclusions formulated: (1) the primary producing 
mechanism of the reservoir was a solution gas drive 
with little benefit being obtained from the small gas 
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Fig. | — Structure map drawn on top of sand, Tijerina 
No. 3 Reservoir. 
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Fig. 2 — Typical electric log, Tijerina-Canales-Blucher 
field, Jim Wells and Kleberg Counties, Tex. 


cap, and (2) the expected ultimate recovery was low, 
but could be increased by gas injection operations. 

The terms of unitization were drawn up with the 
percentage of participation based on the original volume 
of oil lying under each of the operators’ leases. The 
Unit reservoir, as defined by an oil and gas isopach 
map drawn by the Engineering Committee, is pre- 


was installed and a high pressure gathering system was 
constructed to deliver separator gas at 600 psi for com- 
pression. 


Reservoir Characteristics 


Four wells were cored for analyses of sand prop- 
erties during reservoir development. From these anal- 
yses, it was found that the porosity ranges from 12 to 
32 per cent, and averages 27 per cent. Permeability 
varies from zero to over 300 md and is arithmetically 
averaged at 88 md. The interstitial water saturation 
is estimated to be about 33 per cent. 


A PVT analysis indicated the reservoir fluid as 
slightly undersaturated at original reservoir conditions. 
Inasmuch as an original gas cap was known to have 
existed, the slight discrepancy in fluid analysis was 
neglected and saturated conditions were assumed. Res- 
ervoir fluid characteristics as a function of reservoir 
pressure are presented in Fig. 5. Table 1 lists the sand 
and fluid data used for reservoir volume calculations. 

The sequence of isobaric maps drawn since gas in- 
jection began gives some indication of the movement 
of reservoir fluids. It appears that the greatest migra- 
tion is taking place in the thicker portions of the res- 
ervoir. Also indicated is an extremely tight area in 
the south central section of the reservoir which forces 
fluids to migrate along the northern side, veering south- 
ward at the extreme west limit. Examples of isobaric 
maps are shown in Fig. 6. 


TABLE 1 — SAND AND FLUID DATA OF TIJERINA NO. 3 UNIT RESERVOIR 
TIJERINA-CANALES-BLUCHER FIELD 


sented in Fig. 4. By the time the unit agreement was 27.0 
made in Dec., 1949, production had declined to 86 
n ater, volu 
B/D. The gas-oil ratio had reached a peak of 14,600 Resmsuste, Seeperatere, degrees F. 206 
cu ft/bbl and declined to 10,000 cu ft/bbl; bottom- Se 
hole pressure had declined to 2,006 psig (see Fig. 3). ie ae one ret 
In Jan., 1950, the reservoir was shut-in and pre- hone, 
pared for gas injection. A 300 hp compressor, designed Origine! Olt Viscosity, co — 0.90, 
for a maximum capacity of 3,150 Mcf/D at 3,200 psi, Original Ges Volume Factor, bbi/std cu ft 0.00078 
2 
| 
A Injected Gas | 
| / | 
i 2 
v | 3 
14 +—t 2.000 
| 
Reservoir Prespure © 
| fil A gall \ | 
10 «65 \ ty J J 
' Pil / | 
2 
4 
a ”| | j | 
Sa | 1950] 3961 1952 | 1953) 1055 


Fig. 3 — Production history, Tijerina No. 3 Unit Reservoir, Tijerina-Canales-Blucher field, Jim Wells County, Tex. 
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Fig. 4—Oil and gas isopach map, Tijerina-Canales field. 


Gas Injection Operations 

Gas injection was initiated in May, 1950, with in- 
jection volumes averaging 1,800 Mcf/D at 2,800 psi 
over the first six months of operation. Production in- 
creased immediately, reaching a peak of 235 B/D in 
Nov., 1950. These increases, however, were not a result 
of repressuring, but rather a result of pressure main- 
tenance in conjunction with net gas-oil ratio operations. 

From June, 1950, through 1952, the average res- 
ervoir pressure remained relatively stable, varying from 
1,900 to 2,200 psi. During this period, however, a con- 
siderable pressure gradient developed within the res- 
ervoir, approaching 1,500 psi by June, 1952. The 
lower wells on structure continued to show pressure 
declines much as they did prior to unitization while 
the higher wells were experiencing marked increases 
in bottom-hole pressure (see Fig. 6). 

To build up bottom-hole pressures in the lower 
regions of the reservoir, it became necessary to shut- 
in the structurally high wells, forcing fluid migration 
down-structure. In Oct., 1952, all but the three lowest 
wells were shut-in permitting over-injection at an ap- 
proximate ratio of 2:1. By March, 1954, bottom-hole 
pressures had increased in each of the unit wells. The 
average reservoir pressure had increased to 2,711 psi, 
and the g.adient to over 2,000 psi. Production had 
been restricted to an average of 80 B/D during 18 
months of over-injection. Fig. 3 presents the produc- 
tion and pressure trends during the first two phases of 
operation. The isobaric map of March, 1954, is pre- 
sented in Fig. 6. 

By March, 1954, it had become apparent that further 
increases in reservoir pressure would be difficult to 
achieve. Injection volumes were steadily decreasing 
as a result of the high pressure region around the 
input well. For this reason, the unit operating proce- 
dure was again changed so that on May |, 1954, pro- 
duction control was put on a zero net withdrawal 
basis. Injection volumes are now balanced by produc- 
tion, with individual well withdrawals being governed 
by gas-oil ratios and bottom-hole pressures. The higher 
wells are being produced at a fraction of their capacity 
so as to enable further pressure increases down-struc- 
ture. In the future, production will be shifted from well 
to well as warranted by increases in gas-oil ratios 
and/or by the development of pressure sinks within 
the reservoir. 

The above method of operation offers two advan- 
tages: (1) production can be kept at a maximum 
without sacrificing the gains already made by gas 
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Fig. 5 — Shrinkage-solubility curve. 


injection, and (2) the lower regions of the reservoir 
will experience a gradual pressure build-up because 
of the differential already existing within the sand. 
Production has now been increased to approximately 
110 B/D, and there is an indication that the pressure 
gradient is diminishing. 

The gas-oil ratios in April, 1954, varied from 26,500 
cu ft/bbl in the structurally high wells to 10,000 cu 
ft/bbl in the lowest completion. 


Reservoir Calculations 
A series of material balance calculations were made 
in conjunction with reservoir volume determinations. 
These calculations were based upon areal averaged res- 
ervoir pressures and included an adjustment for res- 
ervoir volumes of injected gas, but no allowance was 
made for net water encroachment inasmuch as no free 
water zone was indicated by geological data. The equa- 
tion, therefore, is as follows: 
The volume factors employed in these calculations 
are as shown graphically in Fig. 5. These factors were 
applicable only during the period of reservoir pressure 
decline and did not hold true after the inception of 
gas injection operations. After the start of pressure 
build-up, calculations using these factors were made 
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Fig. 6 — Isobaric sequence map, datum—7,298 ft, con- 

tour interval—100 psia, Tijerina No. 3 Unit Reservoir, 
Tijerina-Canales-Blucher field. 
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with the assumption that the injected gas goes into 
solution in the same manner as gas was released dur- 
ing pressure decline. Results, however, indicated dis- 
torted increases in stock tank oil in place. 

A second series of material balance calculations 
were made assuming no solution of injected gas with 
the remaining reservoir oil. The various shrinkage and 
solubility factors for the oil were considered constant 
after the minimum reservoir pressure.’ The composite 
volume factor for the material balance equation is thus 
set up as follows: 

S, = 1,175 cu ft/bbl 
After minimum pressure: 
B = constant = 1.209 cu ft/bbl 
S = constant = 385 cu ft/bbl 
therefore: 
u, = 1.209 + (1175) — 385) v 
= 1.209 + (790) v 

At any pressure greater than minimum, the material 
balance is adjusted to read: 
n[1.209 + (790) v + (r, — 1175) v] — Gv 

0.117 — 1) ~ 0.386 + 790 v 

Solution of this equation indicated results more in 
line with the average oil in place value derived during 
pressure decline. A comparison of results of these cal- 
culations and those assuming complete resolution is 
shown in Fig. 7. The extreme deviation of the “com- 
plete resolution” trend from the average datum is in- 
dicative of an erroneous assumption. The ideal plot 
for the “no solution” curve would become colinear 
with the average oil-in-place datum. The deviation in 
calculated oil-in-place with increased reservoir pressure 
for the case of no solution is primarily due to neglect- 
ing the disposition of gas within the reservoir wherein 
a high pressure differential exists. Since the maximum 
deviation is only some 11 per cent, it is felt that such 
a refinement in the calculations was not necessary to 
establish the fact that only a minor portion of the 
injected gas goes into solution with the reservoir oil 
upon increasing the reservoir pressure. 

Since May |, 1954, production has been on a basis 
of zero net withdrawal. Net withdrawal calculations 
were made using the tabular method outlined by Stand- 
ing.” This method, in equation form, is as follows: 

Net withdrawal = n[u + (r, — S,) v] — Gv . (4) 
(nomenclature changed for consistency) 

The composite volume factor u was calculated as for 

the “no solution” material balances. 


Conclusions 


Gas injection operations in the Tijerina No. 3 Unit 
Reservoir have accounted for a considerable increase 
in the amount of recoverable oil over that anticipated 
by natural recovery. As of May 1, 1954, 26.4 per cent 
of the original stock tank oil in place had been pro- 
duced as compared with a recovery of 19.3 per cent 
expected by primary means. It is conservatively esti- 
mated from a clearly defined production decline estab- 
lished during early net gas-oil ratio operations that 37.3 
per cent of the stock tank oil in place will be ulti- 
mately produced. 

Secondary oil produced thus far has cost approx- 
imately $0.80/bbl less taxes and overhead. The total 
cumulative cost of unit operations has been about 
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Fig. 7 — Comparisons of material balance calculations, 
T-3 Unit Reservoir, Tijerina-Canales-Blucher field. 


$1.00/bbl. Considering the fact that unit production 
was curtailed for 18 months, it is apparent that the 
project is economically sound. 

The important points intended to be emphasized 
by this paper are as follows: 

1. The thin, tight, erratic sand present in this res- 
ervoir has retarded the movement of injected gas to 
such an extent as to develop a 1,500 psi gradient across 
the reservoir. 

2. Little or no injected gas goes into solution with 
the remaining reservoir oil; therefore, the viscosity and 
shrinkage properties of the oil have been adversely 
affected. 

Despite these two adverse conditions, this project 
has been successful and should encourage the instiga- 
tion of gas injection in other reservoirs of similar 
characteristics. 
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Nomenclature 


= Reservoir volume factor, bbl/bbI. 
Volume of gas injected into reservoir, standard 
cubic feet. 
m = Ratio of gas cap volume to reservoir volume 
saturated with oil. 
N = Original stock tank oil in place, bbl. 
n = Cumulative stock tank oil production, bbl. 
r, = Cumulative produced gas-oil ratio, cu ft/bbl. 
S, = Gas solubility at original conditions, cu ft/bbl. 
S = Gas solubility at prevailing conditions, cu 
ft/ bbl. 
u, = Composite volume factor at original conditions, 
bbI/bbI. 
u = Composite volume factor at prevailing condi- 
tions during pressure decline, bbl/bbl. 
Composite volume factor at prevailing condi- 
tions after pressure build-up, bbI/bbl. 
v, = Gas volume factor at original conditions, bbl/ 
cu ft. 
v = Gas volume factor at prevailing conditions, 
bbi/cu ft. 
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Formation 
Test Fluid To 
Testing Valves 

(Indicated in White) 


Mud By-Pass 
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By-Pass Tube 
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Pressure 
Recording 
Devies 


Lower Packer 


Mud By-Pass 
Outlet Ports 


Supporting Anchor 
Or Setting Tool 


in open hole 
another Johnston first 


now, With complete Confidence, you 


@ EVALUATE UP-THE-HOLE ZONES 
® LOCATE GAS, OIL, AND WATER CONTACT 


@ HELP PROTECT HOLE AND 
SUPPORTING ANCHOR 


See how Johnston Straddle Testing with STRADDLE 

MUD BY-PASS maintains full hydrostatic mud pressure 

on upper and lower packers—and on all formations below 
lower packer. Lessens the load on supporting anchor and 
prevents production from any lower zone in the event 

of lower packer failure. Should either packer fail, you get an 
immediate surface indication. Get all these advantages 

plus ease of running tool into and out of the hole. 


* Johnston Straddle Testing with Straddle Mud By-Pass is covered by patent 
and patents pending. Another Johnston first! 


for descriptive folder write tos 


JOHNSTON TESTERS 


first in drill stem testing 


P. ©. Box 98, 
HOUSTON, TEXAS 


LOS ANGELES. CALIF * CALGARY, CAN. 
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OIL BASE, 


Black Magic oil base drilling fluid has been used the 
world over for drilling-in and completion operations 
to prevent permanent damage to the producing forma- 
tion. But the properties of Black Magic are so stable 
that it is also being used extensively for deep hole 
drilling, especially where high temperatures and pres- 
sures are a serious problem. Black Magic has been 
used successfully on many of the deepest wells ever 
drilled. Here are three examples: 


OHIO OIL'S WORLD'S RECORD WELL 


Black Magic replaced the clay-water mud at 10,955 ft. 
in Ohio Oil’s well at Paloma and was used to total 
depth of 21,482 ft. Bottom hole temperature at 20,003 
was 334° F. and flow line temperature was 175° F., 
but basic properties of the Black Magic were not 
affected. Mud maintenance time was negligible and 
costs extremely low. At this same depth, the maximum 
pump pressure was only 1,700 psi. Accurate electric 
and radiation logs were obtained. 


RICHFIELD’'S WORLD'S DEEPEST PRODUCER 


The last 8,000 ft. to TD of 17,895 in this well at Coles 
Levee in Kern County, California was drilled and 
cored with Black Magic. The producing interval is 
17,500 - 17,895 feet from the Eocene. It came in flow- 
ing to become the world’s deepest commercial pro- 
ducing well. Casing (7") was run and cemented in 
Black Magic at 17,500—one of the deepest cementing 
operations that has ever been performed successfully. 


Wrilling 


DEEP TEST WELL, STONE COUNTY, MISSISSIPPI 


2 The most striking example of the low maintenance 
q costs achieved with the use of Black Magic during 
deep drilling took place in this well—the deepest well 
ever drilled in the Gulf Coast and the third deepest well 
in the world. At 14,670 ft. the water base mud was 
displaced with Black Magic and diamond coring con- 
tinued to TD of 20,450 ft. Average cost for Black 
> Magic and mud materials was less than $50 a day, 
_ including transportation. With the water base mud, 
3 mud conditioning time required 12 to 16 hours per 
core and mud materials averaged over $600 per core. 


§ The hole was shut down for 6 months and stood full of 

Black Magic without circulation with a bottom hole 

temperature of 389° F. On going back into the hole, 

6 months later, there was no solidification. Circulation 

* was broken at 15,000 ft. with only 600 psi pump pres- 

. sure. Mud properties were practically identical to 

those at the time of shutdown. No other mud in exist- 

ence has ever approached that performance. To date, 

the mud has been in the hole almost 5 years! 

For information on deep drilling with Black Magic, 
write for ““Recent Developments in Oil Base Mud.” 


130 ORIS STREET, COMPTON, CALIFORNIA 
Plants in Compton, Houston, Odessa, Duncan 


BRANCHES: Bakersfield * Long Beach + Ventura 
Houston + Odessa Oklahoma City Duncan 
Jennings Harvey Calgary Caracas 
Lima, Peru + Paris, France « Cable Address: OB! 
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Design simplicity ... 
rugged construction 


Aldrich Pumps are built to take 
punishing service year after year. 
You can find Aldrich Pumps, today, 
in good running order after 30, 40 
and even 50 years of service. Dura- 
bility such as this is the result of 
Aldrich’s design simplicity and 
rugged construction. 


Accessibility .. . sectionalization 


When wearing parts are due for 
replacement, in Aldrich Pumps they 
can be replaced easily, quickly and 
at low cost. For instance, manifolds 


The Aldrich Pump Company 


Street Allentown Pennsylvania 


30 Pine 


ALDRICH PUMPS RANGE FROM 10 TO 


Reduce 


can be moved out on the holding 
studs and you can lift out and replace 
valves as complete units. . . . Stuffing 
boxes are particularly accessible— 
making it easy to renew packing. ... 
To meet a change in pressure or 
capacity requirements, plunger sizes 
can be changed —in most cases 
merely by using new glands, throat 
bushings and packing in the same 
fluid-end. .. . Wearing parts are in- 
terchangeable among pumps of the 
same stroke size. . . . Fluid-ends are 
sectionalized to make possible low 
cost parts replacement and can be 
made of stainless steel, bronze, 
Monel or other material. 


Write for catalogs, engineer- 
ing service or a representative's 
call. We invite your inquiries. 


Aldrich Pumps Are Used For: 


Water flooding 
Salt water disposal 
Lean oil service 
Reactor charge 
Crude and gathering lines 
Product lines 
Bottom hole pump service 
Liquid hydrocarbons 


Aldrich Pump spare parts 
are stocked at Mid-Continent 
and California locations. 


Representatives in 
Principal Cities 


HORSEPOWER 
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You'll give yourself all the odds by using 
StratasCrete G on your next cementing job—because 
the combined light weight and excellent bridging 
properties of StratasCrete G cement reduce the loss 
of slurry to formations and increase your chances 
of complete fillup. And StratasCrete 6 slurries are 
easily placed at normal pressures, even in slim holes 
and deep wells. Strengths of SteatasCreteG? More 
than ample. Uniformity? Excellent; minimizes 
occurrence of voids, cracks and channeling. 
What about perforating? Greater resiliency of 
StrataeCrete G concretes reduces fracturing and 
shattering with perforation. Cost? Here's the 
payoff! No greater than the fillup cost of neat 
cement at most bulk station points. Write today 
for your technical data! 

Availability of SteatasCreteG? Can be obtained 
through your oil well cementing service company. 

Rocky Mountain sales representative: Mud 
Control Laboratories, Inc. 


Gamble 


on Cement Jobs! 


specify 


@ TRADE MARK 


*Refers to gallons of water required 
per cubic foot of Strata-Crete 6. 


GREAT LAKES CORPORATION 


1204 PRUDENTIAL BUILDING 
HOUSTON, TEXAS 
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Coupon photos unretouched 


® 
with ANTI-CORROSION 
TREATMENT 


T took only 30 days for the two steel coupons shown at right 
above to corrode almost away in the stream of a secondary- 
recovery well in Kansas. Both coupons, where not corroded 
through, are wafer thin. An anti-corrosion chemical was being 
fed at the rate of one pint per day, yet the average corrosion rate 
on the coupons was 216 mils % per year. 
In the same well, Visco-treated with the same amount of chemical 
per day, the coupons at left above showed a corrosion rate of 
only 8.1 mils per year after 29 days’ exposure. 
Visco Chemicals cut the corrosion rate over 96% ! 

For corrosion control results and treating economy, call your Visco 
Representative, sow. 


%* 1 mil=.001 inch. A corrosion rate of 216 mils per year means 
that the corrosive attack, if uniform, would have corroded 
away the entire surface of the metal to a depth of .216 inches 
in a year. However, the real danger of high corrosion rates, 
as the coupon shows, is the much deeper and faster penetra- 
tion occurring at localized areas. 

VISCO PRODUCTS COMPANY 
INCORPORATED 


2600 Nottingham at Kirby, Houston 5, Texas 
Telephone: MAdison 0433 


Wb . . CONSISTENTLY EFFICIENT OIL INDUSTRY CHEMICALS 
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LOOK AT THESE 
PERFORMANCE 
RATINGS 


=< 
SETTING DEPTH] 
22 
WEIGHT 52) 38 
Su} gu} 
MATERIAL 25 
FEET| FEET | 1000 
LBS. 


5 —13# 4-55] 6,990}10,040) 232 


5 —15* 4-55} 8,850) 10,720 
—15# N-80/11,590/12,250) 328 


5 —18# 4-80] 15,200]13,040] 421 
5%—14# 1-55] 5,640) 9,900] 244 
5¥e—15.5# J-55| 6,860)10,420] 288 

ad 5¥%—17# 1-55] 8,000) 10,870} 330 

5%—20#  N-80 | 13,480] 13,100] 467 

at 6%—20% 1-55] 5,440] 10,260] 360 
SEALS — 6%—24% 3-55] 7,560) 11,100] 47! 

6%—28% 12,640) 13,320] 663 


—20# 4-55} 4,440/10,000} 352 


3-55] 5,850) 10,700) 436 
—23# N-80] 7,640)12,200) 497 


~ 
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By eLIMENATING THE conventional easing collar, 
Hydril Tripleseal permits -etting a larver size ou 
could be set w LPT casing collars. 4460 12/800 381 
et Tripleseal Joints are actually stronger iam 
APT long or short thread casing joint: 
An@ Hydril Tripleseal Casing Joints provide 155] 5,350) 10,850) 
three high-pressure seals — of which center 
one alone will hold pressure equal to ithe API 720.7% 8,790) 12.650) S17 
rated internal yield pressure of the casing om 7%—33.7# N-80 | 10,790} 13,100} 779 
piain end casing. F nore detaiied 8%—36+ 55] 6 10,650 | 674 
mation, see your neares' Hydril Sale: Repre- N80 12'160 769 
or 8%—40# N-80] 9,580} 12,680) 897 


9%—36% 3-55] 3,950) 10,100) 634 


9%—40# 5-55} 4,920) 10,610} 744 
9%—40# N-80] 6,280) 12,130] 850 


9%—43.5+ N-80] 7,610) 12,570) 966 
9%—47# 8,710) 12,910/1072 


SN ONS 
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Tension strength calculations ore based on 55,000 
ibs. yield and 92,000 Ibs. ultimate for J-55 ma- 
SALES GPFITES ~ CALIFORNIA: Angeles, terial, and on 80,000 Ibs. yield and 105,000 Ibs 
LOUISIANA: Harvey, Now GIO: Younsstown; OF 
PENNSYLWANIA: Rochester: orpes Dale, Information on other sizes ovailable on request. 


lignter weight casing 
joints. 
= 
HYDRIL COMPANY 


REPORT and INTERPRETATION H 


R. W. TAYLOR 


Student Chapters — Your Assistance Needed 

Less than half of the college juniors and seniors who 
are studying petroleum and natural gas engineering are 
Student Associates of the Petroleum Branch. Since 
Student Associates represent the future membership 
of the Petroleum Branch, this problem affects every 
member—and it can be solved primarily through the 
efforts of individual members and local sections. 

A report in the March 1955 MIED Newsletter* in- 
dicated that there are 1,501 upper-classmen now 
studying petroleum and natural gas engineering. Of 
these, 722 are affiliated with AIME as Student Asso- 
ciates. The Petroleum Branch Executive Committee in 
considering this problem attributes its cause to many 
sources, but they pinpoint the greatest shortcoming in 
the lack of work of local sections with the student 
chapters in their area. 

This criticism does not apply to all local sections. 
On the contrary, some have continued through the 
years to work closely with the student chapters in their 
vicinity—inviting the students to their meetings, spon- 
soring special functions for them, and offering aid in 
planning student chapter programs. To indicate the 
type of work a local section can do to encourage 
student interest in AIME, we shall site a specific case 
which has come to our attention most recently. 


Student Paper Contest 

In early April the Mid-Continent Local Section 
sponsored a Student Paper Contest at the University of 
Tulsa. Approximately 120 students attended, and were 
provided free-of-charge with sleeping rooms, meals, and 
entertainment. This was the first such contest spon- 
sored by the Mid-Continent Section in several years. 
Schools represented were the Universities of Kansas, 
Oklahoma, and Tulsa, and Oklahoma A&M. 

The winner in the Undergraduate Paper Div. was 
Edward Arnold Freeburg who presented a paper en- 
titled “A Neophyte Views Price Regulations.” He was 
awarded a leather briefcase and copies of Petroleum 
Conservation and Index to Petroleum Publications of 
AIME. A University of Kansas student, the Kansas 
Local Section recognized his achievement by voting to 
pay his Junior Membership dues for next year. 

In the Graduate Paper Div. Alan F. Griffith was 
awarded first place for his paper on “A New Technique 
for Mounting Oilfield Core Samples.” He also received 
a briefcase and copies of the two Petroleum Branch 
volumes. 

Both of the award and winning papers will be en- 
tered in the AIME National Student Paper Contest. 
Other students who entered the contest received pocket 
slide rules from the Mid-Continent Section. 

The Mid-Continent Section went a step further dur- 
ing this same meeting to show their interest in the 


*“AIME Petroleum Engineers Mineral Industries Education Div. 
publication compiled by George B. Clark, Missouri Schools of Mines 
& Metallurgy, Rolla, Mo. 
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University of Tulsa Student Chapter and School of 
Engineering. They presented the Engineering Library 
with bound volumes of the JoURNAL OF PETROLEUM 
TECHNOLOGY from 1949 through 1954. Walter E. 
Hopper, Tulsa independent geologist and long-time 
AIME member, donated the magazines, and the Sec- 
tion paid for the binding of them. 

Through the participation of the Mid-Continent Sec- 
tion members in this program, students from these 
four universities realized more than ever before the 
value of their AIME affiliation. Each of the student 
chapters represented was strengthened immeasurably 
through this one meeting. 


Importance of the Program 

Student Associate membership is not expensive— 
only $4.50 per year. This fee does not pay for the cost 
of the magazine sent monthly to each Student Associate, 
but the Petroleum Branch officers consider the program 
essential for the future growth of the AIME and the 
development of professionalism in the upcoming en- 
gineers of the industry. 

Since the spring semester is closing shortly in most 
schools, there is little that the local section can do right 
away to remedy any lack of interest in a local student 
chapter which might exist. However, plans should be 
made now to better relations by showing an active 
interest next fall. 

No amount of promotion literature from the Petro- 
leum Branch office will sell the student as quickly on 
affiliation with AIME as will his learning first hand 
the regard and appreciation which good members hold 
for their own professional society. 


Walter E. Hopper (center), presents bound volumes 
of the Journal of Petroleum Technology to the Univer- 
sity of Tulsa Engineering Library at the Smoker held 
during the AIME Mid-Continent Student Paper Contest. 
Hopper donated complete sets of the magazine from 
1949 through 1954, and they were bound by the Mid- 
Continent Local Section. In the picture left to right are: 
Robert B. Gilmore, Petroleum Branch chairman; A. W. 
Walker, head of the Petroleum Production Dept. at 
Tulsa University; Hopper; M. B. Penn, Mid-Continent 
section chairman; and R. M. Langenheim, dean of 
engineering at Tulsa University. 
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SONALS 


Roperick K. Maclvor has estab- 
lished the petroleum consulting firm 
of Maclvor Engineering Co., Okla- 
homa City. He had worked with 
Sohio Petroleum Co. from 1948 until 
the opening of this office. When he 
left Sohio he was Mid-Continent Div. 
waterflood engineer. Maclvor holds 
a BS in petroleum engineering from 
the University of Tulsa. The 1954 
chairman of the Oklahoma City 
local Section also is a partner in 
Samac, a reservoir fluid analysis lab- 
oratory located in Oklahoma City. 


K. M. CHAMBERS now holds the 
position of mud engineer for Mag- 
cobar in Opelousas, La. Formerly 
he was with Standard of Texas, re- 
siding in Austin. 


KENNETH D. McPerTers has ac- 
cepted the position of production su- 
perintendent with John M. Kelly in 
Hobbs. Formerly he was a junior 
petroleum engineer with Stanolind 
Oil & Gas Co. in Hobbs. 


Humble Oil and Refining Co. has 
announced several changes involving 
Petroleum Branch members. JAMES 
C. PosGaTE has been promoted to 
assistant division superintendent of 
Louisiana. HARRY PiIsTOLE has re- 
placed him as division petroleum en- 
gineer of the Louisiana Div. JoHn G. 
CALVERT was promoted to division 
petroleum engineer for the East Texas 
Div., the position vacated by Pis- 
tole. C. M. CaroTHers has been 
named assistant area petroleum en- 
gineer of the California area. R. B. 
RiaGcs, Jr., has been transferred to 
the Petroleum Engineering Div. 
Houston office. R. R. Die moved to 
the Scott & Hopper District, South- 
west Texas Div. as a senior petro- 
leum engineer. 
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R. E. MARTIN has assumed a po- 
sition as reservoir engineer with 
Canadian Gulf Oil Co., Calgary, 
Alta. Formerly he was senior petro- 
leum engineer with Kuwait Oil Co., 
Ltd., in Kuwait. 


| 


L. S. Witcoxson, who has been 
vice-president in charge of research 
of The Babcock & Wilson Co. since 
1945, has been appointed vice-presi- 
dent in charge of the Boiler Div. of 
the company. He will relinquish 
his research responsibilities to take 
charge of all activities in the Boiler 
Div. which has six manufacturing 
plants throughout the nation. Wil- 
coxson joined Babcock & Wilson in 
1926, and he was made executive 
assistant in the engineering depart- 
ment in 1931. 


FRANK S. CARTER has accepted 
the position of production superin- 
tendent with J. D. Wrather, Jr., Dal- 
las independent operator. He has 
been with Texas-Pacific Coal & Oil 
Co. since 1946, serving as assistant 
manager of production at Fort Worth 
since 1950. The 1941 petroleum en- 
gineering graduate of Texas A&M 
has served as a production and drill- 
ing engineer throughout Texas, Ok- 
lahoma, Louisiana, Mississippi, and 
New Mexico. 


RICHARD L. BROWN has joined 
Yapuncich-Sanderson Laboratories, 
Billings, and the name of the com- 
pany has been changed to Yapuncich, 
Sanderson, & Brown Laboratories. 
He is a 1948 graduate of the Uni- 
versity of Wyoming in physical 
chemistry. Formerly, he was man- 
ager of the Engineering Div. of Dar- 
rell W. Smith Co., Midland. 


L. M. BRACEWELL, Jr., has been 
appointed special salesman for the 
Gulf Coast Div. of Security Engi- 
neering Div., Dresser Operations, Inc. 
The 1949 mechanical engineering 
graduate of Texas A&M was general 
manager of Rig Maintenance Supply, 
Inc., prior to assuming duties with 
Security. Previously, he served as 
district manager of Welex Jet Serv- 
ices, Inc. 


GeorGe Y. McCoy has been 
elected president of International Oil 
Corp., Dallas. He has been a petro- 
leum consultant in Dallas for the 
past seven years and, prior to that, 
was with the oil loan department 
of the Dallas Republic National 
Bank. His other positions were on 
the University of Texas faculty and 
with Shell and Skelly Oil companies. 
He attended Oklahoma A&M Col- 
lege, the Colorado School of Mines, 
and the University of Kansas. 


Necrology 
Robert N. Cooke, 30, Junior Member, died 
from burns received in an explosion near 
Silver, Tex., on March 2, 1955. He had been 


elected to AIME membership in Feb., 1955. 
He held a MS degree in civil engineering 
from the University of Texas, and had been 
working with Halliburton Oil Well Cement- 
ing Co. for the past 1% months. 


Walter DeWitt Waltman, 80, pioneer oil 


executive, died at his home in Los Angeles 
on Feb. 14, 1955, after a lingering illness 
with a heart condition. He was superintend- 
ent of field operations for Franco Western 


Oil Co, in the old Salt Creek field, Wyo., and 
was associated with that company for 35 
years prior to his retirement in 1948, 
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SaM W. HOGAN has opened an 
office in Fort Worth as a petroleum 
consultant. He will concentrate on 
drilling, completion, production, and 
property management. After receiv- 
ing his mechanical engineering de- 
gree from the University of Okla- 
homa in 1933, he was associated 
with the Slick Interests until 1951 
as engineer and production manager. 
Then, he became affiliated with the 
Midwest Oil Corp. in Fort Worth 
as production superintendent, having 
recently left that position to enter 
the consulting field. 


RODNEY S. DURKEE has been 
elected to the board of directors and 
appointed to the Executive Commit- 
tee of Dresser Industries. He is 
chairman of the board of Lane-Wells 
Co., which was recently acquired by 
Dresser. After joining Lane-Wells in 
1938 as executive vice-president, he 
became the company’s president in 
1939. 


A. D’Arcy, Jr., has 
teen appointed factory representative 
for Clark Equipment Co.’s Automo- 
tive Div. He will handle Clark’s 
complete line of axles, transmissions, 
torque converters, and complete 
power trains in San Luis Obispo, 
Kings, Tulare, and Inyo counties in 
Southern California, Clark county in 
Nevada, and in the state of Arizona. 


SHANNON L. MATHENY, JR., is now 
junior petroleum engineer for Stand- 
ard Vacuum Petroleum Maatschap- 
pij, Los Angeles. Prior to accepting 
this position he was at Harvard 
Graduate School of Business Admin- 
istration and with Continental Oil 
Co. He is a 1951 petroleum engineer- 
ing graduate of the University of 
California. 


H. MAURICE BANTA has been 
named technical adviser at Battelle 
Institute, Columbus, Ohio. Banta has 
directed research studies at Battelle 
since 1942. 
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CORROSION, URANIUM, IN-SITU COMBUSTION 
ARE TOPICS of LOCAL SECTION MEETINGS 


Local section meetings in April 
and May featured talks on corrosion, 
uranium, in-situ combustion, and 
other timely subjects. 

The Hugoton Local Section drew 
15 members and 30 local affiliates to 
its April meeting to hear talks on 
corrosion by Jack Barrett of Stano- 
lind Oil & Gas Co., and Yale Tet- 
terington, Tulsa corrosion consult- 
ant. Barrett explained the workings 
of a tool now available for predict- 
ing areas of corrosion in casing with 
a “Casing Potential Curve.” Tetter- 
ington spoke on “Cathodic Protec- 
tion with Magnesium Anodes and a 
Newer Anode.” 

The East Texas Local Section also 
heard a paper on corrosion pre- 
sented at its May meeting in Hotel 
Longview. J. C. Spalding, Jr., Sun 
Oil Co., presented a talk covering 
down-the-hole corrosion treatment. 

The Denver Petroleum Section 
learned more about the Rocky Moun- 
tain uranium industry at its May 
meeting. R. J. Wright of Climax 
Uranium Co. spoke on “Big Business 
or Big Bubble?” He discussed the de- 
velopment of the domestic uranium 
mining industry, trends, and prob- 
lems in development ahead. 


The Panhandle Local Section met 
in Amarillo in April to hear a talk 
by Frank O. Reudelheuber, Core 
Laboratories, Inc., on techniques and 
interpretations of reservoir fluid sam- 
ples. At this section’s May meeting, 
Jerry F. Gleason, Jr., Magnolia Pe- 
troleum Co., talked on “Oil Recovery 
through In-Situ Combustion.” Glea- 
son also presented this paper at the 
West Central Texas Local Section 
meeting in May. 

C. A. Einarsen of Cherokee Lab- 
oratories, Inc., Midland, presented a 
paper entitled “A New High Column 
Cementing Technique and a New 
Squeeze Cementing Technique Prove 
Successful” before 136 persons at 
the April Southwest Texas Local Sec- 
tion meeting in Corpus Christi. W. D. 
Owsley of Halliburton talked on 
“New Developments in Production 
Stimulation Techniques” at the May 
meeting. 

The New York Petroleum Section 
heard Kenneth E. Hill of Chase Na- 
tional Bank speak on “Evaluation of 
Oil & Gas Properties for Lease Pur- 


poses” at its April meeting. Nomina- 
tion of officers for 1955-1956 took 
place during this meeting. 

John J. Wanner, of George H. 
Greer, Trustee, was elected section 
delegate of the Billings Petroleum 
Section for two years and was ap- 
pointed student chapter counselor at 
the April 19 meeting held in the Bill- 
ings Petroleum Club. Speaker for 
this meeting was Paul M. Dana, Car- 
ter Oil Co., who talked on “New 
Refining Processes in Montana.” 

The San Joaquin Valley Section 
continued its successful series of 
panel discussions at the April meet- 
ing, featuring the subject of gravel 
packing. H. C. Campbell, Franco 
Western Oil Co., Section chairman. 
was moderator, and panel members 
were: L. E. Chatfield, The Texas Co.; 
C. E. Ensley, Richfield Oil Corp.; 
W. D. Fritz, General Petroleum; 
P. L. Newberg, Standard Oil Co. of 
California; and W. E. Luckett, Union 
Pacific Railroad. 


NOMINEES LISTED 
For AIME OFFICES 


Grover J. Holt, general manager 
of the Ore Mining Dept. of Cleve- 
land-Cliffs Iron Co., Ishpeming, 
Mich., has been nominated for 
AIME president-elect in 1956. 


Four petroleum men were also 
nominated for offices. Joseph L. Gill- 
son, geologist for the duPont Co., 
and Lloyd E. Elkins, production re- 
search director for Stanolind Oil & 
Gas Co., were the nominees for vice- 
president and director. Gail F. Moul- 
ton, Rockefeller Bros., Inc., and C. 
R. Dodson, National City Bank of 
New York, were nominated for di- 
rector. 

Others nominated for director 
were Andrew Fletcher, St. Joseph 
Lead Co.; C. R. Kuzell, Phelps 
Dodge Corp., and R. B. Caples, 
Anaconda Copper Mining Co. 


This slate was selected by the 
Nominating Committee for AIME 
Officers for 1956. It will be de- 
clared elected at the November meet- 
ing of the Board of Directors un- 
less opposing candidates are offered 
by a petition signed by at least 25 
Members or Associate Members be- 
fore Sept. 1. 
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Where Does Your Section Stand? 


MEMBERSHIP CONTEST REPORT 


VIRGINIA B. DAGGETT 


The Panhandle, East Texas, Per- 
mian Basin, and Gulf Coast Sec- 
tions are leading their groups in the 
Petroleum Branch membership con- 
test. The table below shows the num- 
ber of applications and percentage 
increase for all sections through the 
end of April. 

As announced in the March issue, 
the sections have been divided into 
four groups for contest purposes ac- 
cording to the size of Jan. 1 member- 
ship. 

In addition to showing the highest 
percentage standing among the larger 
sections, the Gulf Coast Section has 
secured the largest number of appli- 
cations. The section is conducting its 
own local contest as a part of an 
intensive membership drive, spear- 
headed by Membership Chairman 
J. R. Welsh. 

A total of 325 applications had 


Proposed for 


TOTAL AIMK membership on Feb. 28, 
1955, waa 22,402; in addition 1,563 Student 
Associates were enrolled. 

PETROLEUM BRANCH ADMISSIONS 

COMMITTEE 

Virgil B. Harris, chairman; C. C. Harter; 
Charles Hudson; Raoul J. Bethancourt; Oscar 
K. McElheney; Jack Wahl. 

INSTITUTE ADMISSIONS COMMITTEE 

P. D. Wilson, chairman; F. A. Ayer, A. C. 
Brinker; R. H. Dickson; T. D. Jones; F. T. 
Hanson; Sidney Rolle; O. B. J. Fraser; F. T. 
Sisco; Frank T. Weems; R. L. Ziegfeld; R. B. 
Caples; F. W. MecQuiston, Jr.; Arthur R. 
Lytle; H. R. Wheeler; L. P. Warrimer; J. H. 
Scaff. 

The Institute desires to extend its privileges 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged 
to review this list as soon as possible and 
immediately to inform the Secretary's office if 
names of people are found who are known 
to be unqualified for AIME membership. 

In the following list C/S means change of 
status; kK, reinstatement; M, Member: J, 
Junior Member; A, Associate Member; 5S, 
Student Associate. 

California 

Corona del Mar Segelhorst, August Van 
Ness (M). 

Fullerton—Handy, Lyman L. (M); Pickrell, 
William Smith (C/S-A-M). 

Long Beach—Hare, Donald Samuel (M). 
Los Angelea—Sills, Kenyon Clarence (J). 
Pico—Show, Joseph Henry (M). 
Taft—Cramer, Thomas Dudley (C/S-A-M). 
Tupman—Carey, Kenneth Brandon (J). 
Colorado 

Denver—Forcum, William Richard (M); 
Kelly, David William (J); Yates, Burdette 
“Bill” (M). 

Golden—Grynberg, Jakob (J). 
Lakewood—Gorrell, Alva Wayne (M). 
Rangely—Eaton, Gordon Lillie (M). 
Sterling—Fernandez, Gregory Gerald (J). 
Illinois 

Chicago—Eakin, Bertram Eugene (J). 
Robinson—Lawry, Thomas Frederick (M). 
Kansas 

Great Bend—Plummer, Ray Niles (M). 
Liberal—Sharp, Everett Ray (J). 


ASSISTANT SECRETARY 
PETROLEUM BRANCH, AIME 


been received in the Petroleum 
Branch office through the end of 
April. In addition to the 286 from 
local sections shown in the table, 
there were 10 from the Venezuela 
Section, 13 from miscellaneous areas, 
and 16 from foreign countries. The 


Venezuela Section has not been 
placed in a coniest group, since its 
base membership figure has not yet 
been established. 

The four-month total is 15.7 per 
cent above the 281 applications re- 
ceived during the same period of last 
year. Coincidentally, the month of 
April brought in 108 applications, 
exactly the same number as April 
1954. January, February, and March 
showed slight increases over 1954. 
April marked the beginning of direct 
mail contacts with membership pros- 
pects last year, whereas some mail- 
ings on a smaller scale began in Jan- 
uary of this year. 


PETROLEUM BRANCH MEMBERSHIP CONTEST 
FOUR-MONTHS REPORT 


Covering Applications Received Jan. 1-Apri!l 30, 1955 


Jan.  Applica- 


Member- tions Per Cent 
Section ship Received Increase 
Group A 
1. PANHANDLE 60 9 15.0 
2. Billings 61 8 13.1 
3. Hobbs 88 1¢ 11.4 
4. Hugoton 27 3 1,1 
5. Mississipp; 59 6 10.2 
6. North Texas 84 4 4.8 
7. South Plains 51 1 2.0 
Group 8 
1. EAST TEXAS 141 16 11.3 
2. Denver Petroleum 141 13 v2 
3. Kansas 141 10 7.1 
4. Wyoming 152 9 5.9 
5. Illinois Basin 154 6 3.9 
6. West Central Texas 135 4 3.0 
7. Lou-Ark 148 4 2.7 


Wichita—Ray, James Daniel (R, C/S-S-J). 
Louisiana 

New Orleans-—Basham, William Dewayne 
(M). 

Shreveport—Searcy, Durward Fleet (J). 
Minnesota 

Duluth—Fryberger, William Beverly (A). 
Mississippi 

Jackson—Ellis, William Frederick (R, J). 
Laurel Trice, William Troupe, Jr. (J); 
Willig, Roy Leon (J). 

Montana 

Billings—McDonough, Patrick J. (A). 

New Mexico 

Hobbs Hudson, Murray C. (J); Laxson, 
Rowland (J). 

Jal—Tankersley, Don Francis (R. C/S-S-J). 
New York 

New York—Zagst, Robert Edward (M). 
Nerth Dakota 

Tioga—Broschat, Richard Ernest (J). 
Oklahoma 

Ardmore—McCuen, William Sinclair (J). 
Duncan—Radford, LeRoy (M). 

Lindsay Holland, Douglas William (M); 
Lane, LeRoy Dwight (J). 

Nowata—Nichols, Stanley Orville (J). 
Oklahoma City—Crain, Bob L. (A). 
Tulsa—Kunsman, Howard Smith (M); Sch- 
weizer, John Lloyd (J); Smith, Arvel C. 
(M). 

Texas 

Alvin—-Hammaker, Paul B. (J). 
Amarillo—Ferguson, Charles Edward (A). 
Austin—Guyton, William Franklin (M). 
Beaumont—McCoy, James LaVerne (J). 
Bellaire Gidley, John Lynn (J); Hacke, 
George Harold (M); Hunter, Holland Reavis 
(J); Judson, Robert Sidney (M). 
Bishop—Hoffman, Charles John (J). 
Corpus Christi—Dayton, Marshall, Jr. (M); 
Farmer, Hal Douglas (M); Rayes, Calvin 
Monroe (J). 

Dallas Bratt, Maurice D. (A); Connaliy, 
Carl Albert, Jr. (M); Franklin, Harry Leigh 
(R, C/S-S-M); George, Raymond Arthur 
(J); Wilhite, Harold L. (C/S-A-M). 

Fort Worth—Newmyer, James Naysmith (J). 
Garland—Ubben, James Everett (M). 
Houston—Aldred, Jack Val Anthony (M); 
Childs, Benjamin O'Connor (M); Cooke, 
Arthur Charles Henry (M); Daniels, Ned 


Jan. 1 Applica- 


Member. tions Per Cent 
Section ship Received Increase 
Group C 
1. PERMIAN BASIN 352 19 5.4 
2. Oklahoma City 269 14 5.2 
3. Fort Worth 181 7 3.9 
4. Delta 308 7 2.9 
5. San Joaquin Valley 169 4 2.4 
6. New York Petroleum 212 4 1.9 
Group D 
1. GULF COAST 929 53 5.7 
2. Southwest Texas 461 25 5.4 
3. Dallas 433 16 3.7 
4. Mid-Continent 553 18 3.3 
5. Southern California 
Petroleum 597 14 3.3 


Membership, Petroleum Branch, AIME 


Reagan (J); De Frank, Pete (J); Eckel, 
John Raymond (J); Ferguson, Clarence Fred 
(J); Goss, Leslie E. (J); Green, Richard 
Alan (J); Hyde, Robert Burke (M); Me- 
Dugald, William Hogg (M); McNeill, Wil- 
liam Edward, Jr. (J); North, Daniel An- 
drew (J); Pope, Gerald (A); Roberts, Ir- 
ving Lloyd (M); Ruhe, Robert William, Jr. 
(J); Sharp, Carle Farrell, Jr. (R, J); Sikes, 
Samuel Tillotson (M); Stewart, John Sylves- 
ter (M); Swanson, Leonard Archie (M); 
Thaemar, Marvin Oliver (J); Wade, Leroy 
Wilborn (R, C/S-A-M); Wallace, LeRoy Ed- 
win (A); Williams, Lenford K. (J). 
Livingston—McGee, Paul Lafayette (M). 
Midland—-Cowart, Ronald Boyd (J); Dugan, 
Delbert Leon (J); Leaf, Charles William 
(J): Vitiello, Frank Guy (J). 
Mineola—Serpas, Jack (J). 
Monahans—Daniel, Gene Farrell (J); Wells, 
William Thomas, Jr. (M). 

Odessa—Gray, Thomas Franklin (J). 
Overton—Harlan, Leo Franklin (J). 
Premont—Shean, Glen (M). 

Scroggins Grolemund, John Lafayette (R, 

Seguin—Morgan, Zane Vantine (M). 
Snyder—Tucker, Claude Nathaniel, Jr. (J). 
Talco—Wise, William Bert (J). 

Wyoming 

Bairoil—Hart, Roland William (J). 
Casper—Karn, Edward Lee, Jr. (M). 
Cody—O' Neal, Jesse Earl (J); Yester, Gray- 
don Eugene (J). 

Worland—Davis, John Joseph (J). 

Canada 

Calgary, Alta. Anderson, Sydney James 
(J); Davis, Gordon Allan (R, C/S-S-J). 
Colombia 

Bogota—Smith, Maurice Waters (J). 

El Centro—Darden, Frank (M). 

France 

Paris—Ladaviere, Pierre Joseph (M). 
Mexico 

Mexico, D. F.—Huerta A., Enrique (C/S-J- 
M). 

Venezuela 

Caracas—Smith, Francis Manning (M); 
Wilkie, Sydney Kerr (C/S-J-M); Wiseman, 
Kenneth William (C/S-A-M). 
Maracaibo—Gatiliff, Robert Louis (J). 
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T. A. Atkinson 


T. C. Frick 


R. C. Earlougher 


Nominees for Petroleum Branch Offices, 1956 


For Chairman 


T. C. Frick has been chairman of 
two local sections, chairman of the 
Branch Advertising Committee, a 
member of the Executive Committee, 
and Branch vice-chairman. His nom- 
ination as Petroleum Branch chair- 
man for 1956 comes as no surprise. 
His first office was secretary-treas- 
urer of the Mid-Continent Local Sec- 
tion. Later he served as chairman of 
the East Texas and Permian Basin 
local sections. Presently Frick is 
manager of the Production Div. of 
The Atlantic Refining Co. with of- 
fices in Dallas. He assumed this po- 
sition in 1954, having been in Corpus 
Christi previous to that as regional 
coordinating manager of the South- 
west Texas region of Atlantic. Prior 
to joining Atlantic in 1941, he was 
with Phillips Petroleum Co. and 
taught at the University of Tulsa, 
his alma mater. 


For Vice-Chairman 
T. A. ATKINSON joined Douglas 
Oil Co., Paramount, Calif., dur- 
ing the summer of 1954. Prior to 
accepting this position, he had 
worked with Socony-Vacuum since 
1926—having started while a high 


Officer nominees for the Petroleum Branch for 1956 selected 
by the Branch Nominating Committee are pictured on this 
page. Additional nominations may be submitted by any group 
of 10 members before the closing date of Aug. 15, 1955. If 
no other nominations are received by this date, these nom- 
inees will be declared elected. Should additional nominations 
be made, a letter ballot will be mailed in September to all 
members. New officers will be installed at the AIME Annual 
Meeting in Feb., 1956. Claude R. Hocott was chairman of 
the Nominating Committee which selected these candidates. 
Members of the Committee were: R. L. Parsons, H. E. Mc- 
Auliffe, Jr.. Wayne E. Glenn, and Roy H. Smith. 


school student. At the time he joined 
Douglas, he was manager of produc- 
tion for Socony-Vacuum in Casper. 
Atkinson is a 1933 graduate of the 
University of California in mechan- 
ical engineering. He has served as 
program chairman for the Petroleum 
Branch Fall Meeting, chairman of 
the Pacific Junior Petroleum Group, 
chairman of the Southern California 
Local Section, and, in 1953 and 
1954, as a member of the Petroleum 
Branch Executive Committee. 


For Vice-Chairman 


R. C. EARLOUGHER has been a 
leader in the Mid-Continent area 
AIME activities for many years. In 
1946 he was chairman of the Mid- 
Continent Local Section. In 1947 he 
became chairman of the Branch Pub- 
locations Committee and in 1950, 
1951, and 1952, was a member of 
the Branch Executive Committee. 
Since 1945 he has had his own con- 
sulting firm in Tulsa, Earlougher En- 
gineering. He is a 1936 graduate in 
petroleum engineering from Colo- 
rado School of Mines. After work- 
ing with The Sloan and Zook Co., 
Bradford, Pa., for two years, he be- 
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H. N. Lyle 


came a partner in Geologic Stand- 
ards Co., Tulsa. Then he opened his 
consulting firm, specializing in water 
flooding. 


For Executive Committee 


H. N. Lye is a charter member 
and past chairman of the Southwest 
Texas Section, his membership in 
AIME dating back to 1934. After 
graduation from Texas A&M in 1934 
with a degree in petroleum engineer- 
ing, he worked with Humble Oil and 
Refining Co. for three years. In 1937 
he moved to Corpus Christi as field 
superintendent and engineer for Sea- 
board Oil Co. After some four years 
in the military service, he returned to 
Seaboard; however, in 1947 he be- 
came a consulting engineer and in- 
dependent operator. Three years ago 
he became associated with Renwar 
Oil Corp. as general superintendent 
in charge of drilling and production, 
the position he holds today. 


For Executive Committee 


GORDON H. FISHER became vice- 
president in charge of all field op- 
erations of Plymouth Oil Co., Sin- 
ton, Tex., on Feb. 1, 1955. He has 
been an AIME member since col- 
lege days at the University of Texas, 
where he received his BS (1938) 
and MS (1941) degrees in petro- 
leum engineering. He first was em- 
ployed by Phillips Petroleum Co., 
then was with Gulf Oil Corp. from 
1941 until he made his recent 
change. With Gulf he rose to chief 
petroleum engineer of the Fort 
Worth Production Div. in 1945, and 
to executive assistant to the vice- 
president and manager of supply and 
services in 1950. In 1951 he was 
made assistant to the vice-president 
for production and division manager 
of production, the position which 
he held at the time he joined Plym- 
outh. 
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Branch Directory To Be Removable 
Supplement in June Magazine 


The 1955 Directory of the Petroleum Branch will be 
published in the June issue of JoURNAL OF PETROLEUM 
TECHNOLOGY. As in 1954, it will be a removable sup- 
plement insert, glued into the regular June issue in 
order to conform with postal regulations. 

The Petroleum Branch published its own Directory 
in this form for the first time last year. Through selling 
of advertising space in the Directory, its publication 
was self-supporting. Again this year advertising space 
is being sold to those wishing to support this Directory. 

Each member of the Petroleum Branch will be listed 
alphabetically, along with his company affiliation, title, 
and mailing address in most cases. Also, the Directory 
will be cross-indexed by cities, listing the names of 
all persons in each city who are Petroleum Branch 
members. 

This publication by the Petroleum Branch is in 
addition to the all-Institute Directory which will be 
mailed in June to those who ordered it. The new all- 
Institute Directory was announced in the March issue. 
Members may obtain a copy of the directory without 
cost by sending in the coupon which appeared on page 
30, March, 1955, JoURNAL OF PETROLEUM TECHNOL- 
oGy. Please use the coupon since it will serve as a label 
for- mailing. 


Long Range Planning Committee Starts 
Study of Structure of the Institute 


Carl E. Reistle, Jr., president-elect of AIME; Leo F. 
Reinartz, 1954 president, and Andrew F. Fletcher, 1953 
president, have been appointed to a Long-Range Plan- 
ning Committee which will study the structure of the 
Institute. The goal of this committee is to develop an 
Institute structure that will permit maximum develop- 
ment during the next 25 years. ‘ 


This committee was appointed by AIME President 
DeWitt Smith after the Board of Directors had ap- 
proved a proposal by the Inter-Branch Council that 
such a study be made. Present trends in growth of 
the Institute, and of its three Branches, as well as 
industrial developments in its field make a forecast of 
the future especially desirable at this time. 


Student Petroleum Section Installed 


The newly-organized Petroleum Section of the Colo- 
rado School of Mines AIME Student Chapter was 
officially installed on March 23. Officers for the section 
were elected. 


A. H. Weider, Shell, and R. L. Hoss, Vaughey and 
Vaughey, both of the Denver Petroleum Section, made 
talks at the installation ceremony. Weider explained 
some of the duties of a student chapter, and Hoss 
told of the purposes and history of the Petroleum 
Branch, AIME. 


Officers elected for the Colorado School of Mines 
Petroleum Section were: Joe Logan, president; Jack 
Zeman, vice-president; Larry Jones, corresponding sec- 
retary; and Ron Lewis, secretary-treasurer. Directors 
elected were: Tim Thompson, geology; John Gazewood, 
refining; and Ken Wagner, production. 
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Editorial Board Requests Assistance 
In Preparing Petroleum Engineering 
History; 22 Chapters Are Planned 


An editorial board which is preparing for publica- 
tion a volume on the history of petroleum engineering 
would like to receive assistance from all possible sources 
in gathering material concerning engineering in the early 
days of the petroleum industry. 

D. V. Carter, Magnolia Petroleum Co., Dallas, chair- 
man of the editorial board, states that he hopes that 
access will be granted to personal files and recollections 
in order to make the volume complete. It will be pub- 
lished under the auspices of the API Div. of Produc- 
tion. 

The volume will present detailed chronological in- 
formation in 22 separate chapters, preceded by an 
outline of the growth of the industry over the same 
period, and followed by an assessment of the accom- 
plishments of the profession from the social and eco- 
nomic point of view. 

Primarily the volume will be a history of the pro- 
fession in the United States and will take up petroleum 
engineering in its strict sense—that is, the technology 
of drilling for and producing oil. Research has been 
under way for two years, and it is estimated that 
another two years will be required. 

The editorial board members and their respective 
chapters are: C. A. Warner, Houston Oil Co., Hous- 
ton, “Sources of Men” and “Asscciations and Societies”; 
J. E. Brantly, Brantly, Snodgrass, and Associates, Wash- 
ington, “Rotary Drilling’; C. V. Millikan, Amerada, 
Tulsa, “Cementing”; Harold Vance, Second National 
Bank, Houston, “Completion Methods” and “Oil-field 
Evaluation”; A. C. Rubel, Union Oil Co. of California, 
Los Angeles, “Logging, Sampling, and Testing” and 
“Dynamics of Natural Flow”; C. J. Coberly, Kobe, Inc., 
Huntington Park, Calif., “Production Equipment”; C. E. 
Beecher, Cities Service, Bartlesville, “Production Tech- 
niques and Control”; T. E. Swigart, Shell Pipe Line 
Corp., Houston, “Storage and Transportation”; Rex 
Baker, Humble, Houston, “Conservation”; E. DeGolyer, 
DeGolyer & MacNaughton, Dallas, “Unitization” and 
“Energy Concept”; James A. Lewis, Lewis Engineering 
Co., Dallas, “Fluid Injection”; C. E. Reistle, Jr., Hum- 
ble, Houston, “Reservoir Engineering”; John R. Suman, 
Standard Oil Co. (N. J.), New York City, “Evolution 
by Companies”; C. A. Young, 3615 Beverly Drive, 
Dallas, “Standardization of Oil-field Equipment”; and 
Lloyd E. Elkins, Stanolind, Tulsa, “History of Produc- 
tion Research.” 


Petroleum Transactions Volume in Mail 


The binding of Petroleum Transactions volume 201 
covering 1954 in standard AIME red is completed. The 
volumes are now being mailed to those who ordered it 
at the same time they paid their membership dues. 
Others who wish to receive it may order now from 
the Petroleum Branch office for the member price of 
$4.90 or the non-member price of $7.00. As in past 
years, the price of the volume to members was $3.50 
when ordered prior to publication and is $4.90 when 
ordered after publication. 
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Housing Committee Explains System as 


RESERVATIONS POUR IN for PETROLEUM BRANCH FALL MEETING 


The Petroleum Branch Fall Meeting Housing Com- 
mittee, composed of members of the Delta Local Sec- 
tion, reports that no one should be concerned because 
he has not received confirmation on his room reserva- 
tion for the October meeting in New Orleans. 

Each request is being placed on record in order of the 
date of receipt, and all reservations will be placed with 
the local hotels in the near future. The Housing Com- 
mittee has established this procedure for making room 
reservations in order to prevent errors. 

Reservations Received Early 

Reservations were received for the 1955 Fall Meeting 
as early as last October. A large number were already 
on hand when the Housing Committee took office in 
January; so the Committee took these requests and re- 
corded them according to the order of their receipt. 
This will ensure that those who made reservations earli- 
est will get first choice of hotels if at all possible. The 
Committee felt it advisable to place no reservations 
with hotels until the reservation form had been sent 
to all members. 

Far more requests than can be filled have been made 
for suites in the Roosevelt Hotel. Also, the requests for 
rooms in the Roosevelt has surpassed the number avail- 
able. Reservations will be placed with other choice 
hotels in the city until all rooms committed to the Com- 
mittee for the meeting are filled, then motels will be 
used. 


BOOKS AT DISCOUNT PRICES 


The following list of books are offered to you, as 
a member of the Petroleum Branch, AIME, at dis- 
count prices. This is another service to the members 
of the AIME. 


Price to 
List AIME 
Price Members 


Physical Principles of Oil Production, by Morris 

Muskat, McGraw Hill Book Co., 1949, 922 p. $15.00 $12.00 
Principles of Petroleum Geology, by William lL. 

Russell, McGraw Hill Book Co., 1951, 508 p. 7.50 6.00 
Fundamentals of Reservoir Engineering, by John C. 

Cathoun, Jr., University of Oklahoma Press, 


Revised ed., 1953, 417 p. 6.00 4.80 
* Petroleum Geology, by Kenneth K. Landes, John 
Wiley & Sons, 1951, 660 p. 10.00 8.00 


Oil Property Valuation, by Paul Paine, John Wiley 


& Sons, 1942, 204 p 4.50 3.60 
* Technical Reporting, by Joseph N. Ulman, Jr., 

Henry Holt & Co., 1952, 289 p. 5.00 4.50 
* Marine Geology, by Ph. H. Kuenen, John Wiley 

& Sons, 1950, 568 p. 8.00 6.40 


Hydrocarbons from Petroleum, by Frederick D. Ros- 
sini, Beveridge D. Mair, and Anton J. Streiff, 
Reinhold Publishing Corp., 1953, 556 p. 18.50 15.40 
Outlines of Structural Geology, by E. Sherbon 
Hills, John Wiley & Sons, 3rd ed., revised 
1953, 182 p. 
Volumetric and Phase Behavior of Oil Field Hydro- 
carbon Systems, by M. B. Standing, Reinhold 
Publishing Corp., 1952, 123 p. 10.00 8.50 
Oil in the Soviet Union, by Heinrich Hassman, 
translated by Alfred M. Leeston, Princeton Uni- 
versity Press, 1953, 173 p. 3.75 3.00 


ORDER THESE BOOKS FROM 
The Petroleum Branch, AIME 
800 Fidelity Union Bldg. 
Dallas, Texas 


3.00 2.40 
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The Petroleum Branch Technology Committee met 
on May 6 and selected papers to be presented on the 
program. Where manuscripts were not available the 
papers were chosen on the basis of material given in 
questionnaires designed by the Committee. These ques- 
tionnaires were used for the first time this year in 
order to ensure that adequate information was avail- 
able on each paper to allow a correct decision as to 
its selection for the program. 

Plans for the social functions are moving ahead, with 
the hosting Delta Section scheduling entertainment for 
the wives as well as the members in attendance. The 
Welcoming Luncheon and Membership Luncheon will 
be held again this year. 

Private River Cruise 

On Monday night a cruise on the Mississippi River 
is planned. The President, a large river boat, has been 
reserved exclusively for the use of those attending the 
Fall Meeting. 

For Tuesday night the annual dinner-dance is sched- 
uled for the Roosevelt Hotel’s International Room and 
Grand Ballroom. A New Orleans Dixieland band will 
play in each of these ballrooms, which are on the same 
floor and separated by a corridor. 

Ladies’ activities will include a Welcoming Coffee on 
Monday morning served in the French Quarter. Tenta- 
tive plans have been made to stage a Sherry and Style 
Show in the St. Charles Hotel on Tuesday afternoon. 

Since the meeting is expected to draw another record 
attendance for Petroleum Branch Fall Meetings, all 
members should make reservations immediately for 
themselves and their wives in order to ensure conven- 
ient accommodations. 


For their annual field trip on May 7 the Southern 
California Petroleum Section took a boat tour of Long 
Beach and Los Angeles harbors, plus a close look at 
Monterey Oil Co.’s off-shore drilling island. Pictured 
at one of the trip stops in Long Beach Harbor are offi- 
cers in charge of the field trip, who are, left to right: 
George C. Hilty, Long Beach Harbor Dept., program; 
Henry G. Abadie, Long Beach Oil Development Corp., 
field trip chairman; J. C. Lynch, Richfield Oil Corp., 
caravan scheduling; and Max J. Taves, Richfield Oil 
Corp., finance. 
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TCH-ON CENTRALIZERS. 
with the NEW 
KON-KAVE BOW 


B and W KON-KAVE 
BOW combines a curved 
cross - section, highest 
quality spring steel, 
drop forging, and the 
proper heat treatment 
to relieve all stresses 
created in forming and 
welding B and W KON- 
KAVE BOWS. 


FIRST 
IN THE 
FIELD! 


@ Strongest — greatest 
resistance to side thrust. 


@ Most resistance to 
deformation ... 


@ Easiest to install and run. 


(ine. 


Well Completion Specialists 


COAST 
5266. 


Houston 12, Texas 


Phone WE-6603 


hes Angeles 54, Calif 


Phone PIL-6-9101 


MEET the AUTHORS 


A biographical sketch of Davip 
CORNELL was published in the March, 
1955, issue of JOURNAL OF PETRO- 
LEUM TECHNOLOGY. 
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JAMES M. McDowBLL is a mem- 
ber of the Physics Div. of Gulf Re- 
search & Development Co., which 
he joined in 1945. He holds a BS 
degree in electrical engineering from 
Carnegie Institute of Technology and 
a MS degree from the University of 
Pittsburgh. Since joining Gulf he has 
worked with analog computers and 
their application to reservoir prob- 
lems. 


B. H. CAUDLE is a group leader 
engaged in the study of reservoir me- 
chanics in the Crude Oil Production 
Research Dept. of The Atlantic Re- 
fining Co., Dallas. He is a 1943 grad- 
uate in chemistry from the University 


of Texas. After four years with the 
Bureau of Mines and two years in 
the military service, he joined At- 
lantic in 1947. 


R. A. ERICKSON is presently em- 

ployed by the Sandia Corp. of Al- 

buquerque, N. M. Until recently he 

had been an assistant research phys- 

icist with The Atlantic Refining Co., 

Dallas. He received his MS degree in 

physics from the University of Okla- 
homa in 1951. 


R. L. SLosBop is in charge of res- 
ervoir mechanics in The Atlantic Re- 
fining Co.’s Crude Oil Production 
Research Dept., Dallas. He received 
his PhD from Northwestern Uni- 
versity in 1939, and after five years 
with the Bell Telephone Laboratories 
in New York, joined Atlantic in 
1944, 


Corrections Noted in “Preparation of Water for 
Injection into Oil Reservoirs” in April Issue 


Three mistakes occurred in the 
paper entitled “Preparation of Water 
for Injection into Oil Reservoirs” 
which was published in the April 
issue. The Petroleum Branch office 
will furnish a corrected reprint of 
this article upon request of anyone 
desiring it. 

The mistakes were: (1) on page 
9 midway in the second column the 
figure “15” is incorrect; the sentence 
should have read “It is roughly 
estimated that approximately 115 bil- 


lion bbl of water will be required 
for this purpose”; (2) on page 11 the 
last line of the second column should 
have been placed in the third column 
between the third and fourth lines; 
and (3) on page 14 the block of 
copy midway in the second column 
beginning with the line “base ex- 
change, when a foreign water” 
through the line “change is by means 
of a laboratory” should have been 
placed in column three of page 15 
after the fourth line in that column. 
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EMPLOYMENT 


NOTICES 


The JOURNAL will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. These replies will be 
forwarded unopened and no fees are 
involved. 


Replies to the position coded 
F648(a)S, below should be addressed 
to: Engineering Societies Personnel 
Service, 8 West 40th St., New York 
8, N. Y. The ESPS, on whose behalf 
these notices are published here, col- 
lects a fee from applicants actually 
placed. 


PERSONNEL AVAILABLE 


yy Geological Engineer with five 
years’ exploration and evaluation ex- 
perience with major oil companies in 
the Mid-Continent area desires posi- 
tion in New York or vicinity. Has 
Kansas PE license. Code 247. 


yy Petroleum Engineer, 26, complet- 
ing military service obligation soon. 
Two years’ experience in supervision 
of drilling, completion, workovers, 
and general production engineering. 
Desires position with small company. 
New stationed in Houston. Married, 
one child. Code 248. 


yy Petroleum Engineer, 32, six years’ 
drilling and production experience 
with major company in addition to 
lifetime of exposure to oil fields. 
Currently employed with same major 
company as a key engineering super- 
visor. Desires responsible staff posi- 
tion with smaller organization. Capa- 
ble of supervising operations or or- 
ganizing engineering department. 
Code 249. 


yy Petroleum Engineer, Masters de- 
gree, 30, married, family, seven 
years’ experience Latin America, 
reservoir and production engineer 
including workovers, well comple- 
tions, reservoir studies, reserve esti- 
mates, secondary recovery and pres- 
sure maintenance. Code 250. 


POSITIONS OPEN 


yy Research Engineer. Major oil re- 
search company has opening for 
PhD or MS with minimum of three 
years’ research experience in the field 
of reservoir mechanics. Opportunity 
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for original work. Send detailed edu- 
cation and experience record, age, 
and state salary expected. Code 579. 


PETROLEUM 
ENGINEER 


Have an opening for a petro- 
leum engineer for patent liaison 
work, preferably with field expe- 
rience. The work involves evalua- 
tion of ideas and data, accurately 
describing and delineating inven- 
tions, advising patent attorneys on 
technical questions, and collab- 
orating with attorneys and inven- 
tors in the preparation of patent 
applications. The position, at a 
large integrated petroleum re- 
search laboratory, affords contact 
with various aspects of drilling 
and production. Code 582. 


yy Graduate Assistantship available 
July or Sept. 1 in petroleum produc- 
tion engineering research on fluid 
flow in porous media. Exemption 
from most fees and $131 per month. 
Code 583. 


yy Experienced Mud Engineer (or 
petroleum engineer with mud expe- 
rience) as factory sales representa- 
tive on Gulf Coast for line of drill- 
ing mud additives. Permanent posi- 
tion, salary open, travel expenses 
paid. Excellent products backed with 
good sales promotion program. Re- 
plies confidential. Write giving full 
personal history and experience. 
Code 587. 


yy Combination Petroleum - Geolog- 
ical Engineer or petroleum engineer 
competent in geology. One to two 
years’ experience only; South Texas 
experience preferred. Reserves and 
evaluation work for established gas 
transmission company located in 
Houston. Reply stating experience, 
desired salary, and approximate 
availability date. Code 588. 


yy A Principal New York City Bank- 
ing Establishment is seeking a grad- 
uate in petroleum engineering, pref- 
erably one with several years’ expe- 
rience in the field and with some 
practice in the estimation and valua- 
tion of oil and gas reserves. This 
position offers experience in apprais- 
ing oil and gas properties as well as 
in the field of financing and the 
financial aspects of the petroleum 
industry. Financial stability and op- 


portunity for advancement are excel- 
lent. Code 589. 


yy Petroleum Geologists, both recent 
graduates and seniors, the latter with 
five to 10 years’ experience. For 
Juniors, a period of training in the 
United States; will be allowed to 
bring family after a short period. 
Salaries: Juniors, $4,200-$5,700 a 
year; Seniors, depending upon ex- 
perience. Location, Latin America. 
F648(a)S. 


yy Linguists—Petroleum Engineers 
and Geologists wanted for attractive 
free-lance or part-time connection 
with country’s leading technical lit- 
erature research organization. Duties 
entail translation and editing of sci- 
entific research papers in petroleum 
engineering, geology, geophysics, and 
related subjects. We are interested 
in all European and, Far East lan- 
guages. Fluent knowledge of English 
in addition to foreign language is 
imperative. All replies held confiden- 
tial. Submit outline of qualifications 
and resume to: ATS, P. O. Box 271, 
East Orange, N. J. 


OPPORTUNITIES 
IN 
RESEARCH 


Research men with advanced 
degrees wanted for expanding 
reservoir mechanics group. 
New problems provide chal- 
lenge for original develop- 
ments. 

Salary commensurate with 
background and experience. 


SINCLAIR RESEARCH 
LABORATORIES, INC. 


Box 3006 
Tulsa, Oklahoma 


Local Section Meeting Schedule 


Petroleum Branch records indicate that the men listed 
below as chairmen are either newly-elected for 1955 or 
are serving unexpired terms after being elected in 1954. 
When available, the normal meeting date of each section 
predominantly petroleum in membership is listed. 


The Branch office would appreciate receiving any ad- 
ditions or corrections to this list, so that all chairmen 
may be listed correctly and normal meeting dates may be 
published for each local section in future publications. 


BILLINGS PETROLEUM SECTION: Meets in Billings, Mont. Chairman, Charles 
F. Hunkins, Northern Pacific Railway, Billings. 


ey SECTION: Meets third Monday each month in Dallas. 
. F. Madera, Republic Natural Gas Co., Dallas. 


Chairman, 


DELTA SECTION: Meets second Tuesday each month in New Orleans. Chair- 
man, B. L. Francis, Texas Co., New Orleans. 


DENVER PETROLEUM SFCTION: Chairman, Robert Hoss, 
Denver. 


Midwest Oil Corp., 


EAST TEXAS SECTION: Meets second Tuesday each month aot Gregg County 
Airport. Chairman, John Calvert, Humble, Tyler 


FORT WORTH SECTION: Meets third Tuesday each month in Fort Worth. 
Chairman, Lewis H. Bond, Jr., Fort Worth National Bank, Fort Worth. 


GULF COAST SECTION: Meets third Tuesday each month in Houston. Chair- 
man, Roy A. Bobo, Phillips, Houston. 


HOBBS PETROLEUM SECTION: Meets in Hobbs, N. M. Chairman, H. P. 


Shackelford, Tidewater Associated Oi! Co., Hobbs. 
HUGOTON LOCAL SECTION: Meets in Liberal, Kans., and Guymon, Okla. 
Choirman, James C.. Keaton, Hugoton Plains Gas & Oil Co., Hooker, Okla. 


ILLINOIS PETROLEUM SECTION: Meets first Thursday each month in Salem, 
iit. (No meetings in July and August.) Chairman, Ray R. Vincent, C. L. 
McMahon, Inc., Evansville, Ind. 


KANSAS SECTION: Meets second Wednesday ir Wichita and fourth Thurs- 
day in Great Bend. (No meetings in June, July, and August.) Chairman, 
James R. Paul, Dowell, Wichita. 


LOU-ARK SECTION: Meets third Monday each month in Shreveport, Lo. 
Chairmon, 8. F. Patterson, Jr., Texas Co., Shreveport. 


MID-CONTINENT SECTION: Meets second Monday each month in Tulsa; 
study group meets fourth Tuesday each month. (Luncheon meetings each 
Thursday, Mayo Hotel.) Chairman, Russell H. Gwinner, First National Bank 
& Trust Co. 


MISSISSIPPI SECTION: Meets in Laurel, Jackson, 
man, E. J. Grady, Guif Refining Co., Natchez 


and Natchez, Miss. Chair- 


NEW YORK PETROLEUM SECTION: Meets in New York City monthly. Chair- 
mon, H. E. McAuliffe, Jr., Socony-Vacuum Co., New York City. 


NORTH TEXAS SECTION: Meets second Monday each month in Wichita Falls. 
Chairman, A. J. Kerr, Lane-Wells, Wichita Falls. 


OKLAHOMA CITY SECTION: Meets at noon third Thursday each month in 
Oklahoma City. Chairman, H. D. Christner, Continental Oil Co. 


PANHANDLE LOCAL SECTION: Meets in Pampa, Tex. Joe M. 


Daniel, Jr., Texas Co., Pampa 


Chairman, 


PERMIAN BASIN SECTION: Meets third Monday each month in Midland or 
Odessa, Tex. Chairman, A. L. Carpenter, Humble, Odessa. 


SAN JOAQUIN VALLEY SECTION: Meets first Tuesday alternate months (Feb- 
ruary-December) in Bakersfield, Calif. Chairman, C. A. Davis, Richfield Oil 
Corp., New Cuyama, Calif. 


SOUTHERN CALIFORNIA PETROLEUM SECTION: Meets in Los Angeles. Chair- 
man, H. M. Stanier, Sunray Oi: Crp., Los Angeles. 


JUNIOR GROUP: Meets second Thursday each month at Turf Club in Rivera, 
Calif. Chairman, Oran |. Haseltine, Signal Oi! & Gas Co. 


SOUTH PLAINS SECTION: Meets third Thursday each month in Lubbock, Tex. 
Chairman, Donald E. Hewitt, Brownfield, Tex. 


SOUTHWEST TEXAS SECTION: Meets third Wednesday each month in Corpus 
Christi. (No meetings in July, August, and December.) Chairman, Robert PR. 
Wallace, Seaboard, Corpus Christi. 


VENEZUELA PETROLEUM SECTION: Chairman, Marc Glover, Barcelona. 


WEST CENTRAL TEXAS SECTION: Meets third Wednesday each month in 
Abilene, Tex. Chairman, Joe B. Jenkins, Stanolind, Abilene. 


WYOMING SECTION: Meets in alternate months in Casper and Rock Springs, 
Wye. Chairman, F. H. Krotka, Jr., Union Pacific R. R. Co., Rock Springs, 
Wyo. 
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HAVE YOU CHANGED YOUR ADDRESS? 


In order that publications and correspondence may reach 
you promptly, the Petroleum Branch, AIME, should be 
advised as soon as possible of any change in your address, 
preferably a month before the change becomes effective. 
For the AIME directory and for the Personals column of 
the JournaL or Petroteum TeciinoLocy, additional infor- 
mation is desired. The form below is provided for your 
convenience, and should be sent to Petroleum Branch, 


AIME, 800 Fidelity Union Bldg., Dallas 1, Tex. 


Old 


for 


Title or Position Held_ 


Directory 


List below your former title or company position, nature of 
your new position, or other information of interest to your 
associates for publication in the JourNAL or PETROLEUM 
TECHNOLOGY. 


250 cc Super-Pressure Pump, 25,000 psi, Motor Driven through 
Vickers Hydraulic Transmission. 


INSTRUMENTS for the Oil Industry 


Ruska Instrument Corporation specializes in 
the development and manufacture of scientific 
instruments for the oil and mining industries. 


Reservoir Engineering 
e Pressure Measurement 
® Volumetric Pumps 

® Core Analysis 


Ruska Instrument Corporation 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 


Ask for New 
CATALOG 


JOURNAL 


OF PETROLEUM TECHNOLOGY 


The Mid-Continent Local Section, third largest in the 
Petroleum Branch, gained 59 new members in 1954. The 
1955 officers, who took office May 1, are, left to right: 
Russell H. Gwinner, First National Bank and Trust Co., 
chairman; Guy F. Williams, Dowell, Inc., first vice- 
chairman; Don R. Johnson, Gulf Oil Corp., second vice- 
chairman; and Michael J. Rzasa, Cities Service Research 
& Development Co., secretary-treasurer. 


James R. Paul, of Dowell Inc., seated, chairman of the 
Kansas Local Section, talks to other officers prior to a 
section meeting. Standing, left to right, are: W. J. Craw- 
ford, Ohio Oil Co., vice-chairman of Eastern Kansas; 
O. C. Collins, Cities Service Oil Co., vice-chairman of 
Western Kansas; and James W. Frick, The Texas Co., 
secretary-treasurer. Not present when the pictures were 
taken was A. E. Collins, Vickers Petroleum Co., vice- 
chairman for Wichita. The Kansas Section has 141 mem- 
bers, having added 18 to the roles during 1954. 


The Delta Local Section undertakes the responsibility 
for the 1955 Petroleum Branch Fall Meeting which will 
be held in New Orleans Oct. 2-5. Seated left to right are 
1955 officers: E. H. Leemann, Shell, secretary; W. D. 
Clift, Humble, second vice-chairman; B. L. Francis, The 
Texas Co., chairman; B. W. Aulick, Halliburton, first 
vice-chairman; and Keith J. Ebner, The Texas Co., treas- 
urer. Standing are: H. F. Winham, Shell, director; M. L. 
Clayton, Shell, director; John J. Metzger, Jr., Monterey, 
director; Fulton J. Olivier, Humble, Journal secretary; 
and A. L. Vitter, Jr., California Co., past chairman and 
director. 
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1954 to bring its total membership to 127. Officers for 
1955, reading left to right, are: Bert H. Golding, United 
Gas Research, secretary-treasurer; Mike J. Popovich, 
Texas Eastern Transmission Corp., second vice-chair- 
man; John W. Kiser, Lane-Wells, first vice-chairman; 
and B. F. Patterson, Jr., The Texas Co., chairman. 


The Billings Petroleum Section will take an active 
part in the Joint Meeting of Rocky Mountain Petroleum 
Sections, which will be held in Denver on May 26-27. 
The 1955 officers for this section are, seated left to right: 
L. E. Broxson, Farmers Union Central Exchange, first 
vice-chairman; Charles F. Hunkins, Northern Pacific— 
Oil Development Dept., chairman; and Jack D. Duren, 
Shell Oil Co., second vice-chairman. Standing are: D. E. 
A. Johnson, Seaboard Oil Co., director; Earl J. Whitaker, 
Northern Pacific—Oil Development Dept., secretary- 
treasurer; John G. Yapuncich, Yapuncich-Sanderson 
& Brown Laboratories, director; and Howard R. Lowe, 
Lowe and Heath, director. 


The Dallas Locai Section is providing two technical 
programs a month for its members in 1955, the regular 
meetings and well-received Study Group meetings. 
Seated left to right are: Frank O. Reudelhuber, Core 
Laboratories, program chairman; William E. Hinchliffe, 
Halliburton, section vice-chairman; R. F. Madera, Re- 
public Natural Gas, section chairman; and Fred L. Oli- 
ver, DeGolyer & MacNaughton, section vice-chairman. 
Standing are: Aurel E. Smith, British-American, direc- 
tor; E. B. Elfrink, Magnolia, secretary-treasurer; and 
Gene E. Roark, James A. Lewis Engineering, director. 
Officers not pictured are: T. L. Kennerly, Core Labora- 
tories, director; Paul W. Stade, Jr., Atlantic, arrange- 
ments chairman; Guy R. Brainard, Jr., Lucerne Corp.., 
director, and Frank West, membership chairman. 
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PROFESSIONAL SERVICES 


This space available only to AIME members. 


Rates Upon Request 


AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oil and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 


406 KFH BLDG., WICHITA 2, KANS. 


E. L. ANDERS, JR. 


Consulting Petroleum Engineer 
Secondary Recovery 
Reservoir Anclyses 

Oil Property Management 
230 Petroleum Building 


ABILENE, TEXAS 
Phone: 3-225! 


BALL ASSOCIATES 
Oil AND GAS CONSULTANTS 
Douglas Ball 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W. 
WASHINGTON, D.C. 


J. HOWARD BARNETT 


PETROLEUM CONSULTANT 
Casper National Bank Bidg. Phone 2-1758 
113 East Second St. Casper, Wyoming 


ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston 2, Texas 


BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Management 


3300 Republic Bank Bidg. 
Dallas, Texos $T-5331 


Oil and Gas Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 
Petroleum Engineer 
Nationol City Bidg. 
DALLAS, TEXAS 


STerling 1688 


JOHN L. JORDAN 


Analytical and Petroleum Chemist 
Podbielniak and Charcoal Analysis 
Water - Oil Field Brines 


CAMPBELL LABORATORIES 


Phone: Tulip 4-0371 Corpus Christi, Texas 


CHEMICAL & GEOLOGICAL 
LABORATORIES 
c 
James G. Crawford 
F, Raymond Wheeler 
P. O. BOX 279 


Petroleum Engineer 
Petroleum Engineer 
CASPER, WYOMING 


CRUTCHFIELD AND PRUETT 


CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 


EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East St. 

TULSA 14, OKLAHOMA 
Phone: 9-6345 


EASTON & SACRE 


Consulting Petroleum Engineers 


E. M. Easton 
l. P. Sacre, Jr. 
H. M. Allen 


1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 


WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Okiahoma City, Okla. FO-5-1421 


E. W. HOUGH 
Emulsion and Paraffin Problems 


Box 7547 University Station 
Austin, Texas 


Registered Engineer in California and Texas 


KELLER & PETERSON 


Petroleum Consultants 


Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG. 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 


W. O. Keller L. F. Peterson 


R. W. LAUGHLIN 


Well Elevations 
Laughlin-Simmons & Co. 
2010 S. Utica 
TULSA 4, OKLAHOMA 


LEIBROCK & LANDRETH 


Consulting Petroleum Engineers 
Valuations — Reservoir Analyses 
Proration — Geological Investigations 
Property Management — Well Completions 
PETROLEUM LIFE BLDG. 
MIDLAND, TEXAS 
Phone 2-7500 P. O. Box 605 
GEORGE H. LANDRETH R. M. LEIBROCK 


FITTING & JONES 
Engineering and Geological C Senet 
Raiph U. Fitting, Jr. 

J. R. Jones 


T. w. Hassel! 
Petro.eum Natural Gos 
223 S. Big Spring St. Box 1637 
Phone 4-445] Midland, Texas 


ROBERT D. FITTING 


Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 


201 West Building Phone: 4-4922 


MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 
Houston 2, Texos Phone PR-6376 


HARRELL DRILLING 
AND 
COMPANY 


Contract Drilling — Production 
Geological Appraisals 
MELROSE BUILDING 

HOUSTON, TEXAS 


GEORGE A. HOCH 
Thin Section Technician 
Unconsolidated Materials a Specialty 
Standard and Vacuum impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE, 
LANCASTE 


MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 
Engineering - Geology - Management 
131 Central Bidg. Phone 2-5216 
MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 


WAYNE L. McCANN 
Petroleum Engineering and Geology 
SHREVEPORT, LOUISIANA 
Petroleum Building Phone: 2-8023 


M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions 
Production, Workovers 
Property Management 
Hapip Bidg. Williston, 

3-4642 North Dokota 


NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses - Water Flood Projects 
Natural Gas Engineering 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 


OILFIELD RESEARCH 


Core Analysis Reservoir Engineering 


1907 DIVISION, EVANSVILLE, 
INDIANA 


Phone: 7-1508 (Night 6-0608 or 6-4882) 
rvice Laboratories 


Mt. Vernon, Ill. Paintsville, Ky. 
Phones: Day 5131 or Night 1160 
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ERNEST K. PARKS 


CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oi! Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 
lifornia 
Telephone: GRanite 2-2632 


PETROLEUM CONSULTANTS 
Engineering and Geology 

E. O. Bennett James O. Lewis 

D. G. Hawthorn M. D. Hodges 

1552 Esperson Building Houston 2, Texas 


PETROLEUM ENGINEERING 
INCORPORATED 


Petroleum and Geological Engineering 
Core Analysis - Appraisals 
Development and Operation of 
Water Flood Projects 
ROBINSON, ILLINOIS BOX 239 


PETROLEUM TECHNOLOGISTS 


Production Research - Core Analysis 
Secondary Recovery 


868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 


PISHNY AND ATKINSON 
Engineers and Geologist 
Valuation of Oil and Gas Svopertios 
2412 Continental Life Bidg. 
FORT WORTH, TEXAS 
Chas. H. Pishny Burton Atkinson 


E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 
Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 


R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 
Engineering and Geology 


DALLAS, TEXAS 
625 Reserve Loan Life Building 
Phone ST-3020 


JOHN HOWARD SAMUELL 


Specializing in Bank Valuations 
Geologist and Petroleum Engineer 
Compton Building Box 732 


Phone 4-4493 and 4-4597, Abilene, Texas 


WM. H. SPICE, JR. 


tal 9 G 
2101-03 Alamo ‘National Building 
SAN ANTONIO 5, TEXAS 


SUBSURFACE 
ENGINEERING COMPANY 


Experts in Field Testing, Sampling and 
Analyzing Reservoirs and Reservoir Fluid 
for Reservoir Studies 
WRIGHT PETROLEUM LABORATORY 
Home Office: Box 1827, Tulsa 
Frank Purdum 


TRAFFORD & ASSOCIATES, LTD. 


Geological, Petroleum Engineering and 
Management Consultants 


Back Volumes from 1925 
H. H. Wright, an AIME member, 
. is Offering for sale his set of past 
volumes of Petroleum Transactions. 
These volumes may be purchased for 
$5 each from him at P. O. Box 335, 
Mt. Pleasant, Mich. 


CHARLES C. (RUSTY) WILLIAMS 
Geologist — Geophysicist 
Williams Seismograph, Inc. 
252 South Green Street Phone 62-7274 
WICHITA, KANSAS 


E. Trafford Phones 

R. Pot Wales Hotel Bidg. 692591 

J. B. Newland 10th Floor 61212 

K. R. Stout Calgary, Alberta 61224 
MAY, 1955 


He has single copies of Petroleum 
Joint Meeting This Month Development and Technology for 
The Joint Meeting of Rocky 1925, 1926, and 1927; a single copy 

Mountain Petroleum Sections is of Petroleum Division Transactions 

scheduled for May 26-27 in Denver, for 1928-29; two copies of Petro- 

with the Shirley-Savoy as the head- leum Division Transactions for 1930, 

quarters hotel. Ten technical papers 1931, and 1932; and single copies of 

will be presented and several social all other volumes from 1934 through 
functions are planned. 1948—except the 1946 volume. — 


INCREASES PRODUCTION 

REMOVES WATER BLOCKS 

ELIMINATES MUD SHEATHS 
REDUCES SURFACE AND INTERFACIAL TENSION 


A Tretolite Company Product 


Mud-ex has been studied in Tretolite Company labora- 
tories and used in commercial applications for over 
ten years. Test results, especially those tabulated from 
numerous field applications, show conclusively that 
Mud-ex is an effective and economical production stim- 
vlator. Tests and field applications have shown it to 
be effective in removing water, mud, or emulsion blocks 
and that it aids in preventing the swelling of bentonite 
clays. Mud-ex is widely used in oil solution for pres- 
sure treating or as a preliminary treatment in formation 
fracturing work. Selected Mud-ex formulas having strong 
demulsifying action are available for use where emul- 
sions are expected as a result of fracturing or other 
well treating procedures. It has been effective in sand, 
sand-lime and conglomerate formations. 


For complete information on Mud-ex and its application, call your 
Tretolite Field Service Engineer, or write to 


TRETOLITE COMPANY 


A DIVISION OF PETROLITE CORPORATION 
369 Marshall Avenue, St. Lovis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 
Chemicals and Services for the Petroleum Industry 


DEMULSIFYING + DESALTING + WATER DE-OILING « CORROSION INHIBITORS 
PARAFFIN REMOVAL + SCALE PREVENTION + PRODUCTION STIMULATION 
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Wy with “pin-point” accuracy 


ly locates formations of interest ed 


McCullough 


RADIATION WELL LOGGER 
with SCINTILLOMETER® (Gamma Ray and Neutron Logs / 


Extra high efficiency (almost 100%) 
tells you exactly where formations 

| are — with sharper, clearer detail. 
Permits better correlation with cores 
and electric logs — assures more 
positive quantitative interpretation — 


accurate, stable, reliable on every run. 
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Cullough 

“LOS ANGELES HOUSTON + EDMONI 


FOREIGN OPERA” ONS CANADIAN OPERATIONS 
| GEOPHYSICAL GEOPHYSICAL COMPANY 
| INTERNATION CANADA, LTD. q 


GEOP!H YSiCAL COMPANY OF AMERICA 


cad Henry Salvatori, President 


PACIFIC MUTUA! ~UILDING, LOS CALIFORNIA 


SHREVEPORT DLAND CASPER PANAMA CALGARY 
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LF COAST 


WEST TEXAS 


A Spraberry Trend well was completed with bullets in two zones — upper Spraberry sand 
(6,663’ to 6,667’) and lower Spraberry sand (7,524’ to-7,540’) in September, 1952. 
Lower sand would not break down at 5,000 p.s.i. after another bullet perforating job and 
finally jet perforations. Well completed in upper zone, but by mid-1954, dropped to 63 
barrels per day. Lower sand was perforated at 7,534’ with one shot of the Welex Forma- 
tion Fracturing Tool, in September, 1954. Formation then broke down at 4,750 p.s.i. 
and was treated with a 4,500 sand frac job at 3,650 p.s.i. Well flowed 295 barrels of oil 
per day and is holding that production. 


A well was drilled in the S. W. Mt. Vernon Pool in Lincoln County in June, 1954, and 
was a dry hole. Bullet perforating (48 shots) was attempted with no results. Well was 
abandoned. Re-entered in August, cleaned out below casing, and squeezed off perfora- 
tions. Well shot twice with Welex Formation Fracturing Tool at 3,385’ and 3,395’. 
Well was not treated. After tubing was run, well flowed 32% barrels in two hours and 
is now testing at 116 barrels per day. 


A well in the Palo Blanco field had been perforated with no results. Five shots were fired 
from the Welex Formation Fracturing Tool between 4,745’ and 4,805’ before fracturing 
with 900 pounds of sand and 240 gallons of jelled oil. Prior to these shots and treatment, 
well tested 5 barrels per day. It is now pumping 99.60 barrels per day. In the same field, 
Welex shot two of a group of seven wells. Before using the Tool, the wells’ averages 
were 55 and 63 barrels. After the shots, each well is now making 145 barrels per day. 


Call on Welex...the developer of the Formation Fracturing 
Tool and jet perforating ... before your next fracturing job. 
Their experience on more than 500 wells with this remarkable 
new tool will insure that your job will be better! 


CALL WeELEX AND BE SURE! 
GENERAL OFFICES: 1400 East Berry, Fort Worth, Texas 
DIVISION OFFICES: Houston ¢ Midland ® Tulsa © Oklahoma City 


DISTRICT OFFICES: Abilene © Ardmore @ Bartlesville © Beaumont © Corpus Christi © Falfurrias 
Gainesville © Great Bend © Hobbs © Houston ¢ lafayette © Liberal © Odessa © Pampa 
Pauls Valley © San Angelo * Shawnee © Snyder © Stillwater * Wichita Falls © Winfield 
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HuGues tock bits are recognized as the standard 
of the industry throughout the World because of their consistent, 
superior performance, year-after-year. Oil men know from experience 
that they can use the footage and drilling rate of Hughes bits—of any given type— 
as a yardstick for determining drilling gains and estimating drilling costs. To assure the 
continued improvement of its bits, Hughes is intensifying its extensive field 


and laboratory research program, now in its 45th year. 


SN 


HUGHES TOOL COMPANY: Houston, Texas 


ORIGINALITY THE SPUR TO PROGRESS 


. Progress in the industry has been speeded by those who have sought 
new ways to improve drilling tools and equipment...and who 
have resisted the temptation to copy the works of others. 

Take rock bits, for instance: The vast increase in penetration rate 
and footage drilled per bit has stemmed from an original approach 
to drilling problems. In its search for ways to improve bit per- 
formance, Hughes has constantly avoided the beaten path. This is 
proven by the results of its 45 years of uninterrupted laboratory 
and field research. 

When you run a HUGHES bit you can be sure the design is origi- 
nal...and that it will consistently give you more hole faster! 
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WESTERN’S NEw /// GET: JET GUN... 


New WESTERN ROCKET Jet perfo- 
rating principle through use of spring 
device in charge positioning brings you 
more effective application of jet force 
to target. 


By shortening prima cord length as shown in “A” 
below, charge-to-charge interference has been elimi- 
nated thus allowing use of a larger charge for more 
effective jet perforating. 


(B) STANDARD JET GUN STANDARD JET GUN 


Western’s new engineering principle of charge positioning* in 
tubular jet guns brings you three major perforating advantages: 


1. WESTERN ROCKET Jet Gun through charge placement 
provides more effective use of jet force. 


2. WESTERN ROCKET Jet Gun through shortening of 
prima cord allows use of larger charge than standard. 


3. WESTERN ROCKET Jet Gun provides superior perfo- 
rating effectiveness with sureness of penetration and safety 
provided only by retrievable guns. 


Taken all together, WESTERN ROCKET Jet advantages add 
up to this—186% larger entry hole . . . 50% greater excavation . 
10% deeper penetration. Ask your nearest WESTERN engineer for 
complete data on this significant new advancement in jet perforating 
and learn how you can get finer, more effective perforating .. . 
ROCKET JET PERFORATING ... at no extra cost! 


ANOTHER ‘FIRST’ FROM WESTERN RESEARCH 


THE WESTERN COMPANY 


* Par PENpDING General Offices: MIDLAND, TEXAS 
ACIDIZING FRACTURING PERFORATING Jet & Bullet 
GAMMATRON Radioactivity Well Logging 


TEXAS: Ballinger; Borger; Levelland; Odessa; Seagraves; Snyder ° OKLAHOMA: Cushing; Healdton ° NEW MEXICO: Hobbs . KANSAS: Ulysees 
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THIS SPRING 
ASSISTS THE 
HYDRAULIC 
SYSTEM 
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.---and helps make Halliburton’s 
HYDRO-SPRING TESTER 
Best in Drill Stem Testing! 


SERVICE CENTERS +—-JUST 


‘ 


AN 
A 
An 


MINUTES 


It could have been an 
all-hydraulic system... to 
control the downward motion 
of the tester’s sliding valve. But 
Halliburton research added a 
spring... the result, Hydro- 
Spring Tester, and a three-year 
record for perfect runs. 


Here’s what the spring does: 
¢ Assists in closing tester valves 
before packer is unseated 
© Requires certain load before 
hydraulic mechanism operates 
¢ Offers quicker closing of 
tester valves 
® Works together with hydraulic 
system for better over all job 


In other words, you’re much 
more apt to get a successful 
test on the first run with 
Halliburton’s Hydro-Spring 
Tester. Saves you trouble, 
rigtime, money... makes your 
job better, easier. Try it and 
see why most oilmen agree 
Halliburton’s best for a drill 
stem test. Phone your local or 
district office of the Halliburton 
Oil Well Cementing Company. 


HALLIBURTON 


TESTING SERVICE 


AWAY FROM AN Y RIG! 
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TECHNICAL NOTE 279 


CALCULATION of STABILIZED GAS WELL PERFORMANCE CURVES 
from BACK PRESSURE TEST DATA 


DAVID CORNELL 
JUNIOR MEMBER AIME 


ABSTRACT 


Back pressure test data on natural gas wells are short 
time test data of unsteady state nature. Performance 
curves from which unsteady state effects have been 
eliminated, called stabilized performance curves, are 
necessary for understanding the behavior of gas wells 
and for scheduling gas fields for periods up to 20 years. 
A calculation procedure has been developed whereby 
three day, seven day, 30 day, or other duration stabil- 
ized performance curves may be calculated from back 
pressure test data. Such curves are essential for correct 
gas deliverability calculations and gas field scheduling. 


INTRODUCTION 


The manner in which a back pressure test is made 
will affect the slope of the back pressure curve because 
the radius of drainage changes with the length of time 
that the well is allowed to flow. The reciprocal of the 
slope of the back pressure curve is defined as nm in Equa- 
tion 1 and varies from 0.5 to 1.0. 

If the flow is viscous and the radius of drainage con- 
stant, n will have a value of 1.0. Because of turbulence 
in the formation near the wellbore, the pressure drop is 
usually greater than the viscous flow pressure drop and 
the exponent n is frequently less than 1.0. In addition, 
since the radius of drainage moves away from the well- 
bore during the test, the gas flows a greater and greater 
distance as the test proceeds, with a resulting increased 
pressure drop at the high flow rates, and, again, n for 
the test tends to be less than 1.0. 

The effect of the changes in the radius of drainage 
may be calculated and the results used in preparing 
stabilized performance curves for fixed values of the 
radius of drainage. Such curves can be made for a defi- 


References given at end of paper. 
Revised manuscript received in Petroleum Branch office on Jan. 
18, 1955; original manuscript received Aug. 27, 1953. 
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nite time period, such as three day, seven day, or 30 
day stabilized performance curves. These curves will 
show the effect of turbulence near the wellbore and can 
be used to predict the performance of the gas well at 
any flow rate or for any production period. 

In order to discuss the importance of the radius of 
drainage quantitatively, it should be defined. Muskat 
defines the radius of drainage as follows: “.. . the radius 
of drainage gives the distance from the well to which the 
approximately steady state condition has been estab- 
lished ... it being assumed that no gas is removed from 
any point until the radius of drainage has passed that 
point.” An equivalent definition of the radius of drain- 
age is that radius at which the extrapolated portion of 
the steady state portion of the pressure gradient gives 
a pressure equal to the shut-in reservoir pressure. This 
definition is also implied in the back pressure equation. 
The radius of drainage is, then, the distance into the 
reservoir from which the gas appears to originate at any 
time. It is, however, only a useful concept and does not 
actually exist. Fig. 1 illustrates the definition of the 
radius of drainage. At the end of each flow period the 
radius of drainage may depend on three factors: (1) 
the duration of each flow period; (2) the rate of gas 
production; and (3) the rate and duration of the pre- 
vious flow periods. 

In general, back pressure tests are conducted with 
various lengths of production time and at various flow 
rates. Each individual back pressure test, therefore, re- 
quires an individual analysis. 

The calculations of the change in the radius of drain- 
age have been made, however, for the case of equal flow 
periods for all four production rates and several sets of 
increasing flow rates. Fig. 2 illustrates the results of such 
calculations made by the method of Cornell and Katz 
for the case of 0, = 50,000 and the flow rate increasing 
in the ratio 1.0:2.0:3.0:4.0 for each flow period. The 
increase in the radius of drainage during the test is 
apparent. 
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FG. | — DEFINITION OF THE RADIUS OF DRAINAGE. 


——_—_—_———— Actual Reservoir Pressure Gradient. 
Extrapolated Steady State Gradient. 
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Fic. 2 — COMPUTED RESERVOIR FRESSURE GRADIENTS 
FOR FouR SUCCESSIVE FLOW RATES SHOWING THE 
CHANGE IN THE EXTRAPOLATED RADIUS OF DRAINAGE. 
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Fic. 3 — COMPUTED CORRECTION FACTORS FOR BACK 
PRESSURE TEST DATA WHICH ACCOUNT FOR THE CHANG- 
ING RADIUS OF DRAINAGE DURING THE TEST. 


The calculations are a solution of the basic partial 
differential equation for uristeady state radial flow. 
a(p*) _. Kp 1 a(p*) 


06 pd or’ r er 

A constant average value of pressure was used in the 
Kp/y@ term of Equation 2. Equation 2 also implies 
a constant average value of viscosity and compressibility 
factor. Boundary conditions of a constant flow rate, an 
infinite reservoir, and an initial pressure gradient the 
same as the final pressure gradient of (12 preceding flow 
rate were used. 

Table 1 shows the results of a series of such calcula- 
tions for three values of ©, and three ratios of the flow 
rates to the first flow rate. Fig. 3 shows the plotted cor- 
rection factors for values of ©, of (1)(19'), (1)(10°), 
and (1)(10°) and flow rates increasing in the ratios 
1.0:1.0:1.0:1.0, 1.0:1.5:2.0:2.5, and 1.0:2.0:3.0:4.0. 


APPLICATION TO BACK PRESSURE TEST DATA 

Example No. 2, of the back pressure test data given 
by the Railroad Commission of Texas’ will be consid- 
ered. The flow periods are of nearly equal duration, 
being 180, 200, 180, and 190 minutes long. The produc- 
tion rates increase in th: ratio 1.0:1.6:2.2:3.8. The 
value of 0, is estimated to be (5.57)( 10°). Accordingly, 
the correction factors for the values of (p, — p.”) 
observed are interpolated from Fig. 3. Tale 2 shows 
the values. 

The steady state flow equation has been found pre- 
viously* to be: 

(pr — p.”) = 9.37(In r,/r.)Q 

... 
Plots of Equation 3 are called stabilized performance 
curves instead of back pressure curves to indicate that 
unsteady state effects have been eliminated. 

The original back pressure test data and the back 
pressure test data corrected for the changing radius of 
drainage as shown in Table 2 are also included in Fig. 4. 
The corrected data now fa!i cn a line of constant radius 
of drainage with the exception of the third data point 
which is considered to te in error. The third data point 
is not consistent with the unsteady state flow calcula- 
tions. 

The data corrected for changes in the radius of drain- 
age now permit the estimation cf the effects of turbu- 
lence, if any. If Equation 3 had not been available, an 
equation of the type shown by Equation 4 could have 
been fitted to the corrected back pressure test data by 
the method of least squares. 

(p? — = Allnr./r.)Q + BO . (A) 
Equation 4 could then be used to draw the performance 
curves in Fig. 4. 


CALCULATION OF THE THREE DAY 
STABILIZED PERFORMANCE CURVE 


The performance curve based on the first rate of flow 
in the example problem is the three hour performance 
curve since the first flow period was 180 minutes. Pre- 
viously developed unsteady state calculations’ may be 
used to find, for example, the three day performance 
curve. The value of ©, in the case of the three day 
stabilized performance curve would be (1.337)(10'). 
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TABLE | — FACTORS TO CORRECT (p,*-p,*) VALUES TO THE RADIUS OF 
DRAINAGE AT THE END OF THE FIRST FLOW PERIOD 
0 m r/r In(r /r ) correction 

factor 
(1) (10*) 0.010 166 5.112 1.000 
(2) (10%) 0.010 240 5.480 0.933 
(3) (10*) 0.010 290 5.670 0.902 
(4) (10*) 0.010 330 5.799 0.882 
(1) (104) 0.010 166 5.112 1.000 
(2) (10%) 0.015 212 5.356 0.954 
(3) (10%) 0.020 239 5.476 0.934 
(4) (10*) 0.025 263 5.572 0.917 
(1) (10%) 0.010 166 5.112 1.000 
(2) (10*) 0.020 203 5.313 0.962 
(3) (10%) 0.030 228 5.429 0.942 
(4) (10*) 0.040 246 5.505 0.929 
(1) (10°) 0.010 520 6.254 1.000 
(2) (10°) 0.010 790 6.672 0.937 
(3) (10°) 0.010 960 6.867 0.911 
(4) (10°) 0.010 1,100 7.003 0.893 
(1) (10°) 0.010 520 6.254 1.000 
(2) (10°) 0.015 668 6.504 0.962 
(3) (10°) 0.020 755 6.627 0.944 
(4) (10°) 0.025 815 6.703 0.933 
(1) (10°) 0.010 520 6.254 1.000 
(2) (10°) 0.020 638 6.458 0.968 
(3) (10°) 0.030 710 6.565 0.953 
(4) (10°) 0.040 770 6.646 0.941 
(1) (10°) 0.010 1,660 7.415 1.000 
(2) (10°) 0.010 2,400 7.783 0.953 
(3) (10°) 0.010 2,900 7.973 0.930 
(4) (10°) 0.010 3,300 8.102 0.915 
(1) (10°) 0.010 1,660 7.415 1.000 
(2) (10°) 0.015 2,120 7.659 0.968 
(3) (10°) 0.020 2,390 7.779 0.953 
(4) (10°) 0.025 2,630 7.875 0.942 
(1) (10°) 0.010 1,660 7.415 1.000 
(2) (10°) 0.020 2,030 7.616 0.974 
(3) (10°) 0.030 2,280 7.732 0.959 
(4) (10°) 0.040 2,460 7.808 0.950 


TABLE 2 — EXAMPLE CORRECTION OF BACK PRESSURE TEST DATA TO A 


Flow Duration Q Q/Q Correction 
Period Minutes Mcf/Day 1 Factor Observed 
1 180 3,710 1.0 1.000 248,000 
2 200 5,980 1.6 0.965 421,000 
3 180 8,181 2.2 0.950 567,000 
4 190 14,290 3.8 0.940 1,123,000 
2. 2 2. 2 
(p,*-p.*) (p,*-p.*) 
corrected corrected 
three-hour three-day 
performance curve performance curve 
248,000 311,000 
406,000 509,000 
539,000 708,000 
1,060,000 1,286,000 


This value of ©; corresponds to a value of r,/r, of 
about 6,000. Values of (p,’ — p,’) and QO can be cal- 
culated from Equation 2 and plotted as the three day 
stabilized performance curve as shown in Table 2 and 
Fig. 4. The seven day or 30 day performance curves 


can be found in the same way. 


CONCLUSIONS 


The procedure for calculating three day, seven day, 
and other duration stabilized performance curves from 
back pressure test data has been developed and the use 
of the method illustrated with a typical problem. Sta- 
bilized performance curves are useful in calculating gas 
well deliverabilities and in scheduling production from 
gas fields. 


NOMENCLATURE 


C = empirical constant 
h = thickness of producing formation, ft 


3 DAY STABILIZED 
Pp 
p2_ ERFORMANCE CURVE 4 
3 3 HOUR STABILIZED 
Psia® PERFORMANCE CURVE 
108 
© ORIGINAL DATA 
CORRECTED DATA 4 
5 
1,000 10,000 100,000 


Q, Mcf/DAY 


Fic. 4 — STABILIZED PERFORMANCE CURVES FOR A 
NATURAL GAS WELL. 


= permeability, md 
(1,424) (z)(T)(Q) 


(h) (K) 
= reciprocal of the slope of the back pressure curve 
= shut in formation pressure, psia 
= bottom-hole pressure, psia 
= production rate, Mcf/day at 60°F and 14.7 psia 
= radius, ft 
= radius of drainage, ft 


. = effective wellbore radius, ft 


= absolute temperature, ° Rankine 
= average compressibility factor 
= average viscosity, cp 


= fractional porosity 
= time, minutes 
= dimensionless time, — - 
(4.39) (10°) (K) (p) 


, (sq ft)/(min) 
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Heat in base of “LTX” Separator gives advantages 
NOT obtained by use of “LTG” (Low Temperature 
Glycol) Separator with no heat in base. 

1. LTX means maximum high pressure gas sale, min- 
imum low pressure gas waste, and maximum stock 
tank liquid recovery per unit volume of well 
effluent produced. 


FLARE GAS 


(RESERVOIR DOLLAR) 
WASTE IS HELD TO 
THE MINIMUM WITH 


LTX means ability to operate without glycol 
injection. 


4. 


LTX means ability to operate with glycol injection 
at minimum cost. 


LTX means proven maximum trouble-free opera- 
tion for all conditions and locations. 


*T. M. Reg. U. S. Pat. Off. 
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PETROLEUM TRANSACTIONS 


PERFORMANCE of WATER DRIVE RESERVOIRS, INCLUDING 
PRESSURE MAINTENANCE, as DETERMINED 
by the RESERVOIR ANALYZER 


ABSTRACT 

A study has been made to deter- 
mine how the behavior of a water 
drive reservoir changes as a function 
of the permeability of the formation 
and as a function of the size of the 
aquifer. The effect of pressure main- 
tenance programs on the rate of nat- 
ural water influx is also studied, as 
well as the influence on the influx 
of the position of water injection 
wells with reference to the oil-water 
contact. 

The results are determined by the 
use of an electrical reservoir analyzer 
and are plotted as families of curves 
of pressure, natural water influx, and 
water injection vs time or cumulative 
production. Two size aquifers are 
studied. One is limited with a 36- 
mile radius, and the other approx- 
imates an infinite reservoir. The field 
remains the same in all respects for 
the complete study except that the 
permeability is changed to agree with 
that assumed for the aquifer. 


INTRODUCTION 
This study was undertaken in 
order to determine how the pres- 


This paper is a condensation of the au- 
thor’s Masters thesis at the University of 
Pittsburgh. 

Manuscript received in Petroleum Branch 
office on Aug. 2, 1954. Paper presented at 
Petroleum Branch Fall Meeting in San An- 
tonio, Oct. 17-20, 1954. 
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sure decline and water influx of a 
water drive field would change as a 
function of the rate of fluid with- 
drawals, as a function of the per- 
meability of the formation, and as a 
function of the size of the aquifer. 
The effect of pressure maintenance 
programs on the rate of natural 
water influx was also studied as 
was the position of water injection 
wells with reference to the oil-water 
contact. 

The information has been deter- 
mined by the use of an electrical 
reservoir analyzer’, sometimes re- 
ferred to as a Carter type analyzer. 
This instrument is an analog type 
computer which can be set up to 
represent a water-drive oil field. It 
can reproduce the past performance 
of the field in terms of analogous 
electrical quantities when the proper 
circuit analog of resistors and con- 
densers has been determined, also, it 
can determine the future behavior 
for any method of production which 
may be selected, or permit the com- 
parison among several different 
methods. 


cal papers is invited. Discussion in writing 
(3 copies) may be sent to the offices of the 
Journal of Petroleum Technology. Any dis- 
cussion offered after Dec. 31, 1955, should be 
in the form of a new paper. 

‘References are given at the end of the 
paper. 


GULF RESEARCH & DEVELOPMENT CO. 


Although most applications of the 
reservoir analyzer” have been to the 
study of specific field performance, 
it is intended to use the analyzer 
here to help understand how various 
reservoir characteristics effect the 
final performance of the field and 
to see under what conditions water 
injection will be of benefit and to 


what extent. 


Within the oil industry the per- 
formance of water-drive reservoirs 
was first described analytically by W. 
Hurst* and M. Muskat’ for certain 
types of boundary conditions. The 
solutions of the equations developed 
involved products of exponential 
functions and Bessel functions. Later 
publications by Hurst* and van Ever- 
dingen’, and the books of Muskat*’ 
gave further information on reser- 
voirs with other boundary conditions. 
They also presented rather extensive 
curves and tables to help evaluate the 
analytical expressions involved. A re- 
cent series of publications by Chatas’, 
based on the work of Hurst and van 
Everdingen, gives quite complete 
charts and tables of data to evaluate 
the pressure decline or water influx 
in infinite or limited radial reservoirs 
and in linear reservoirs. 


The curves in all of these publica- 
tions are given in dimensionless form 
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Fic. 1 — HYPOTHETICAL OIL FIELD 
WITH NINE WELLS AND A PART OF 
ITs ASSOCIATED AQUIFER. THE LIM- 
ITED AQUIFER WITH A 36 MILE Ra- 
pIUS CONSISTED OF 13 SUCH ZONES. 


which has certain advantages. How- 
ever, they make it more difficult for 
the average reservoir engineer to vis- 
ualize the effects due to changes in 
production rates, permeability, size 
of aquifer, etc. It is felt, therefore, 
that the presentation of results for 
specific (although idealized) reser- 
voirs in terms of pressure drop in 
pounds per square inch and time in 
years or production in barrels would 
be quite helpful in relating reservoir 
characteristics to reservoir behavior. 
This latter method of presenting in- 
formation requires many more curves 
to cover the same range of variables 
to allow quantitative application of 
the results. However, it is not in- 
tended to give results here that per- 
mit more than a semi-quantitative 
solution to the behavior of a partic- 
ular total water-drive field. 


DESCRIPTION OF RESERVOIR 
AND TESTS 


For this study a very idealized res- 
ervoir was assumed. The oil zone was 
chosen to be circular with a radius 
of 2 miles and uniformly 100 ft in 
thickness. Since the reservoir ana- 
lyzer has only nine production con- 
trol units, it was necessary to limit 
the actual analog representation to 
nine producing locations, such as 
shown in Fig. 1. This gives a well 
spacing of 640 acres per well. How- 
ever, this representation can be inter- 
preted to mean that each producing 
location in the analog corresponds 
to a number of wells whose total 
production is equivalent to that taken 
from one point in the analog circuit. 
Therefore, the results for the be- 
havior of the aquifer will apply 
equally well to a field of any well 
density. 

It is assumed that the producing 
formation is continuous and with 
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homogeneous porosity and permea- 
bility and uniform thickness out to 
a distance, in one case, of 36 miles 
in all directions from the center of 
the field. In a second series of tests 
the aquifer was represented to be as 
nearly infinite in lateral extent as 
was possible to represent on the an- 
alyzer. This actually corresponded to 
an aquifer extent of about 100 miles 
in all directions with the pressure at 
the outer boundary remaining con- 
stant at a value equal to the initial 
reservoir pressure. The difference in 
pressure decline between this repre- 
sentation and an infinite aquifer is 
shown by Muskat’ to be appreciable 
after a considerable length of time 
when the limited aquifer has an outer 
radius only 6.3 times the inner ra- 
dius. In this study the outer radius 
is SQ times the inner radius and it is 
expected that the pressure decline 
curves would follow that for the infi- 
nite aquifer quite closely. For con- 
venience the larger aquifer will be 
referred to as “infinite.” 

The porosity was assumed con- 
stant and uniform at a value of 16.3 
per cent giving a total pore volume 
for the oil reservoir of 1,017 X 10° 
bbl. The permeability was chosen to 
be 100, 200, 400, 800 and 1,600 md 
for different tests to show the effect 
that the permeability has on pressures 
and water influx. The fluid viscosities 
of both water and oil were assumed 
to be 1 cp for convenience in setting 
up the problem. The compressibility 
of the oil with its dissolved gas was 
assumed constant from 500 psig to 
1,500 psig at a value of 12 * 10°/psi 
with its saturation pressure at 500 
psig. The compressibility of water 
was taken to be 3 = 10°/psi, and 
the compressibility of rock was neg- 
lected. The connate water was also 
neglected, as its only real significance 
in this study would be to decrease 
the volume of oil in place. 

The initial reservoir pressure was 
represented at 1,500 psig with de- 
clines considered to a minimum pres- 
sure of 500 psig. The total with- 
drawal rates from the field were con- 
sidered constant with time but were 
varied from 6,000 to 60,000 reservoir 
B/D for different tests. The break- 
down of this production between oil 
and water was not considered, and 
the rates always refer to total fluids. 


The effect of water injection into 
the reservoir at the edge of the field 
to maintain pressure is studied with 
special view to the change resulting 
in the magnitude of the natural water 
influx. Such water injection is always 
assumed to be started when the field 


pressure has dropped to a specified 
value and at a rate just sufficient to 
maintain the field pressure constant 
thereafter. An attempt is made to 
evaluate the optimum pressure to be 
maintained. The injection is assumed 
to be into a ring of wells completely 
around the edge of the field so that 
a uniform water front will be main- 
tained as closely as possible. The ef- 
fect on the natural water influx of 
moving these injection wells to some 
distance from the oil field is also 
studied. 

It should be emphasized that in a 
theoretical study of this type a num- 
ber of simplifying assumptions must 
be made. Uniform porosity and per- 
meability seldom exist, although uni- 
formity must usually be assumed for 
the analyzer setup. Most sand reser- 
voirs have permeability stratification” 
resulting from the way in which the 
rock material was originally depos- 
ited, or they may have directional 
permeability differences. Such condi- 
tions have been neglected in this 
study. Channeling of water and by- 
passing of oil by water always exist 
to some extent, but this too has been 
neglected. The problem of water con- 
ing may give trouble in the actual 
field production of water free oil or 
in maintaining low water-oil ratios. 
It is necessary in such an analyzer 
study to assume uniform water en- 
croachment. It is also assumed that 
no other producing field lies within 
the same formation to cause pressure 
interference.” 


DISCUSSION OF RESULTS FOR 
THE LIMITED AQUIFER 


The solid pressure decline curves 
given in Fig. 2 show an initial tran- 
sient followed by a straight line de- 
cline for a given constant production 
rate. The slope of the straight line 
portion is directly proportional to the 
magnitude of the withdrawals. The 
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Fic. 2— PRESSURE DECLINE vs TIME 


wiTH No INJECTION. 

Solid curves are for the limited aquifer; 
dashed curves for the “infinite” aquifer. Per- 
meability is 400 md; X denotes total fluid 
production of 1,017 10° reservoir bbl. 
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Fic. 3 — SoLip Curves Give Nat- 
URAL WATER INFLUX RATES vs TIME 
FOR LIMITED AQUIFER WITH THE 
DECLINING BRANCHES RESULTING 
WHEN INJECTING WATER, AS SHOWN 
BY DASHED CURVES, TO MAINTAIN 
1,000 PSIG AT THE CENTER OF THE 


FIELD. 


Permeability is 406 md; X denotes total 
fluid production of 1,017 = 10° reservoir bbl. 


length of time for the transient por- 
tion is independent of the withdraw- 
al rate but is, of course, much steeper 
as the production rate increases. This 
initial steep portion is typical of total 
water-drive fields. The decline in 
pressure to 500 psig in slightly less 
than 18 years for a production rate 
of 60,000 B/D does not mean that 
the field could not produce consider- 
ably more oil at decreasing rates. 
The effect of such variable produc- 
tion rates with time has not been 
considered specifically, since the pos- 
sible variations are too numerous. 
However, theoretical considerations 
would indicate that if the production 
rate were decreased, say from 60,000 
B/D at the time 500 psi was reached 
sO as to maintain that pressure, the 
final total fluid recovery would be the 
same when a lower production rate 
was reached, such as 45,000 B/D, as 
would be recovered by producing at 
that lower rate from the beginning. 
However, the total time would be 
greater for the constant lower rate 
which might be a disadvantage. The 
cumulative water influx curves of 
Fig. 4 show that considerable reser- 
voir energy would not be used if the 
total field withdrawal rate were not 


CUMULATIVE MATURAL WATER 10° 


Fic. 4— CURVES OF CUMULATIVE 
NATURAL WATER INFLUX vs TIME 


FOR THE LIMITED AQUIFER. 


Permeability is 400 md; and no water in- 
jection is represented. 
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decreased to as low a value as eco- 
nomically possible before abandon- 
ing the field. 

It can be noted from Figs. 3 and 4 
that the water influx follows very 
closely the production rate or cumu- 
lative production. The slight differ- 
ence is of course due to the expan- 
sion of the oil in place which ac- 
counts for just over 2 per cent of the 
production. 

The effects of a water injection 
program for maintenance of pressure 
at 1,000 psig were studied for pro- 
duction rates of 60,000, 45,000, 30,- 
000 and 18,000 B/D. In Fig. 3 are 
shown by dashed curves the rates of 
water injection which were required 
to maintain the pressure at 1,000 
psig at the center of the field when 
producing at the various rates shown. 
It can be seen that the tendency is 
for the injection rate to increase un- 
til it reaches the same value as the 
production rate. Fig. 3 also shows by 
the solid curves how the natural 
water influx declines after injection 
has begun. The crosses on the vari- 
ous curves indicate the point at 
which the cumulative liquid produc- 
tion equals the initial volume of oil 
in place. 

In Fig. 5 the solid curves give the 
cumulative natural water influx vs 
cumulative liquid production volumes 
when the pressure is maintained at 
1,000 psig by water injection. These 
curves show an advantage for the 
lower rates of production in that a 
greater volume of natural water in- 
flux is realized for the same total 
production. The explanation for this 
lies in the fact that a pressure of 
1,000 psig has been imposed at the 
center of the field while injecting 
water at the edge of the oil zone. The 
larger production rates require pro- 
portionately larger pressure gradients 
between the edge of the field and the 
well locations. This means that the 
injection pressures will be higher as 
the production rate increases, and the 
decline in pressure of the aquifer 
will be lower, resulting in a lower 
cumulative water influx. An obvious 
conclusion from these results is to 
locate the water injection wells as 
close to the water-oil boundary as 
possible and still maintain effective 
flooding of the oil with a fairly uni- 
form flood front. The values of the 
cumulative water injection for the 
same condition are given by the 
dashed curves in Fig. 5. 

Another factor which was studied 
to determine its effect on pressure 
and water influx is the permeability 
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Fic. 5 — So_ip Curves Give CuMu- 
LATIVE NATURAL WATER INFLUX VS 
CUMULATIVE FLUID PRODUCTION FOR 
THE LIMITED AQUIFER WITH WATER 
INJECTION (CUMULATIVE VALUE 
SHOWN BY DASHED CURVES) TO 
MAINTAIN 1,000 PsiG. 


Permeability is 400 md; X denotes total 
fluid production of 1,017 x 10° reservoir bb! 
or volume of original oil in place. 


of the formation. The permeability 
was represented in turn to be 100, 
200, 400, 800 and 1,600 md. The 
pressure decline curves for the va- 
rious permeabilities are given by the 
solid curves in Fig. 6 for a constant 
production rate of 30,000 B/D. It 
becomes quite apparent that the per- 
meability is extremely important. At 
this low rate of production it will 
take 75 years to recover fluids equal 
to 80 per cent of the initial reservoir 
oil volume. However, Fig. 6 shows 
that this limited aquifer could only 
support this rate of withdrawal for 
about four years if it had a permea- 
bility of 100 md. An eight-fold in- 
crease in permeability to 800 md 
would allow the aquifer to maintain 
the same production rate for 73 
years, or nearly long enough to pro- 
duce fluids equal to 80 per cent of 
the oil. 

The solid curves of Fig. 6 show an 
initial period of time during which 
the rate of pressure decline decreases 
until an ultimate constant rate of 
decline results which is the same for 
any value of permeability. The dura- 
tion of the initial transient pressure 
decline varies inversely with the per- 
meability, as does its magnitude. 
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BOTTOM HOLE PRESSURE AT CENTER OF FIELO, PSIG 


Fic. 6— PRESSURE DECLINE vs TIME 
WITH No INJECTION. 


Solid curves are for the limited aquifer: 
dashed curves for the “‘infinite’’ aquifer. Pro- 
duction rate is 30,000 reservoir B/D. 
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Fic. 7 — SoLip Curves GIVE NAT- 
URAL WATER INFLUX RATES vs TIME 
FOR THE LIMITED AQUIFER WITH THE 
DECLINING BRANCHES RESULTING 
WHEN INJECTING WATER, AS SHOWN 
BY THE DASHED CURVES, TO MAIN- 


TAIN 1,000 PSIG IN THE FIELD. 
Production rate is 30,000 reservoir B/D. 


The rate of water influx for these 
conditions is given by the solid curves 
of Fig. 7 (not including the segments 
which decline in value with time) 
which increase to a maximum of 
29,000 B/D. The rates for the vari- 
ous permeabilities differ only during 
the initial transient period. Therefore, 
the cumulative water influx is not sig- 
nificantly affected by the value of 
permeability in the reservoir. 


A further comparison was made 
for the same conditions, except that 
a pressure maintenance program was 
represented which injected water at 
the edge of the field to maintain the 
pressure at 1,000 psig at the center 
of the field. The rates of water influx 
from the aquifer after injection com- 
mences are given by that portion of 
the solid curves of Fig. 7 which ex- 
hibit a decline in value with time. 
The corresponding rates of water in- 
jection required to maintain this 
1,000 psig minimum are given by the 
dashed curves in the same figure. 
The solid curves of Fig. 8 show a 
considerable increase in the final vol- 
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Fic. 8 — SoLip CurvEs GIvE CUMU- 
LATIVE NATURAL WATER INFLUX VS 
TIME FOR THE LIMITED AQUIFER 
WITH WATER INJECTION (CUMULA- 
TIVE VALUES ARE SHOWN BY DASHED 
CURVES) TO MAINTAIN 1,000 PsIG IN 


CENTER OF FIELD. 


Production rate is 30,000 reservoir B/D; 
arrows show start of water injection. 
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umes of natural water influx as the 
permeability increases from 100 md 
to 400 md. However, the gain in 
water influx as the permeability in- 
creases above 400 md is noticeably 
less, and the gain above 1,600 md 
would be little indeed. 

A factor which has a very impor- 
tant bearing on the magnitude of the 
water influx supplied by the aquifer 
(called the natural water influx in 
this report) is the pressure at which 
the field is maintained during an in- 
jection program. Figs. 9 and 10 give 
results for the assumed reservoir 
when injecting water at the edge of 
the field to maintain various mini- 
mum pressures varying from 1,400 
psi to 750 psi at the center of the 
field. These curves apply to the lim- 
ited aquifer with a permeability of 
400 md and a constant production 
rate of 30,000 B/D. Fig. 9 gives the 
rates of natural water influx and 
water injection, for minimum pres- 
sures of 1,400, 1,250, 1,000 and 750 
psig, as a function of time. The 
curves in Fig. 10 give the cumulative 
values of the natural water influx vs 
time. These curves indicate that 
nearly 100 million bbl of water will 
come into the field to replace pro- 
duced liquid for each 100 psi that 
the field pressure is allowed to de- 
cline. This corresponds to about 10 
per cent of the initial pore space in 
the oil zone. It obviously follows that 
the pressure should be permitted to 
decline as far as possible until other 
factors such as pumping costs nullify 
the advantage to be gained. 


The effect of placing the injection 
wells farther from the oil zone for 
conditions of high permeability 
(1.600 md) and low producing rates 
(18.000 B/D) is shown in Fig. 11. 
The loss in cumulative water influx 
is about 9 million bbl for a distance 
of 1.5 miles from edge of field to in- 
jection wells, and 15 million bbl for 
a senaration of 4.8 miles when com- 
pared to injection at the edge of the 
field. For a permeability of 400 md, 
which was used in obtaining curves 
in Figs. 2 to 5, the loss in natural 
water influx for a production rate of 
18.000 B/D would be about four 
times as great or 35 million bbl for 
a distance of 1.5 miles between the 
edge of field and injection wells, 
when compared to injection at the 
edge of the field. Similarly, a differ- 
ence of 60 million bbl would result 
for a separation of 4.8 miles. 
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Fic. 9 — SoL_tip Curves GIVE 
URAL WATER INFLUX RATES vs TIME 
FOR THE LIMITED AQUIFER WITH THE 
DECLINING BRANCHES RESULTING 
WHEN INJECTING WATER, AS SHOWN 
BY THE DASHED CURVES, TO MalIN- 
TAIN THE VARIOUS FIELD PRESSURES 
INDICATED. 


Permeability is 400 md; production rate is 
30,000 reservoir B/D. 


DISCUSSION OF RESULTS FOR 
THE “INFINITE” AQUIFER 


When using an analog circuit rep- 
resenting the “infinite” aquifer pre- 
viously described, a part of the initial 
pressure transient is the same as for 
the limited aquifer. This can be seen 
in Fig. 2 where the dashed curves 
are for the “infinite” aquifer. How- 
ever, instead of ending in constant 
rates of pressure decline, the tran- 
sient continues until a final pressure 
is reached which remains constant 
for the steady-state period. The value 
of this steady-state pressure depends 
both on the rate of production and 
the permeability of the formation. 


The pressures at the center of the 
field with a permeability of 400 md 
are given in Fig. 2, for varying pro- 
duction rates from 6,000 to 60,000 
B/D. The pressure differences from 
the center to edge of the field for 
these rates vary from 17 to 170 psi. 
It can be noted that the length of 
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Fic. 10 — CUMULATIVE NATURAL 
WATER INFLUX VS TIME FOR THE 
LIMITED AQUIFER WITH NO INJEC- 
TION OR WITH INJECTION TO MAIN- 
TAIN THE FIELD PRESSURES SHOWN. 


Permeability is 400 md; production rate is 
30,000 reservoir B/D; arrows indicate start 
of water injection. 
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Fic. 11 —- Curves SHOWING EFFECT 
OF INJECTION LOCATION ON THE 
NATURAL WATER INFLUX (SOLID 


LINEs). 


Dashed lines give water injection to main- 
tain pressure of 1,250 psig in the field. Per- 
meability is 1,600 md, limited aquifer, and 
production rate is 18,000 reservoir B/D. 


time for the transient part of the 
curve is, for a given permeability, 
nearly independent of the production 
rate. 


Fig. 12 presents by the solid curves 
the variation of the natural water in- 
flux rates with time for various with- 
drawal rates. These curves rapidly 
approach the rate of production and 
finally become constant at this value. 
The curves giving cumulative natural 
water influx vs time would be nearly 
identical to those in Fig. 4 except 
that they would not terminate be- 
cause of the field pressure dropping 
to 500 psig. If the cumulative natural 
water influx were plotted against 
cumulative production instead of 
time, the curves for all production 
rates would fall nearly on the same 
curve. This curve would be approxi- 
mately a straight line. This indicates 
that there is no advantage of one rate 
over another for this “infinite” 
aquifer as far as cumulative water 
influx is concerned. There, of course, 
would be a certain maximum rate of 
withdrawal which the aquifer could 
maintain for any appreciable length 
of time. 

Although there would be little rea- 
son for starting a pressure mainte- 
nance program for the conditions 
outlined here, it is instructive to con- 
sider the behavior of the reservoir 
under such a method of operation. 
Figs. 12 and 13 give results for water 
injection at the edge of the field to 
maintain a pressure of 1,250 psig at 
the center of the field. This higher 
pressure was selected because the 
pressure does not decline to 1,000 
psig except for production rates 
greater than 33,000 B/D. Fig. 13 
shows that considerably less natural 
water influx is realized for the higher 
production rates. This is due entirely 
to the very small pressure differential 
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permitted across the aquifer, and 
emphasizes that the field pressure 
should be permitted to decline as far 
as practical in order to achieve maxi- 
mum benefit from the aquifer. 

The initial part of the pressure de- 
cline curve for this “infinite” aquifer 
with a constant production of 30,000 
B/D and various values for permea- 
bility, is the same as for the limited 
aquifer, as shown in Fig. 6. How- 
ever, for the “infinite” aquifer the 
rate of pressure decline continues to 
decrease as indicated by the dashed 
curves. It eventually becomes zero 
where the pressure is constant with 
time, unless the production rate ex- 
ceeds the maximum value which the 
aquifer will support. This latter situa- 
tion is shown to exist by the curve 
for 100 md in Fig. 6. 

Fig. 14 shows, as solid curves, the 
rates of natural water influx plotted 
against time for these same values of 
permeability. These curves differ dur- 
ing the initial pressure transient pe- 
riod, but secon approach the same 
water influx rate. The dot-dash curve 
is an extrapolation of the 100 md 
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Fic. 12 — So_tp Curves GIVE NAT- 
URAL WATER INFLUX RATES VS TIME 
FOR THE “INFINITE” AQUIFER WITH 
No INJECTION. 


Dashed curves give the water injection 
rates to maintain a pressure of 1,250 psig in 
the field. Permeability is 400 md; X denotes 
totai fluid production of 1,017 = 10° reser- 
voir bbl. 
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Fic. 13 — CUMULATIVE NATURAL 
WATER INFLUX VS CUMULATIVE 
FLUID PRODUCTION FOR THE “INFI- 
NITE” AQUIFER WITH WATER INJEC- 


TION TO MAINTAIN 1,250 PsIG. 

Permeability is 400 md; X denotes total 
fluid production equal to original oil in place. 
Dashed curves are extrapolation of analyzer 
results. 
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Fic. 14 — SoLtp Curves GIvE NAT- 
URAL WATER INFLUX vS TIME FOR 
THE “INFINITE” AQUIFER WITH No 
WATER INJECTION. 

The dashed curves give water injection 
rates to maintain a pressure of 1,000 psig 


(or 1,100 psig) in the field. Production rate 
is 30,000 reservoir B/D. 
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Fic. 15— CUMULATIVE NATURAL 
WATER INFLUX VS TIME FOR THE 
“INFINITE” AQUIFER WITH WATER 
INJECTION TO MAINTAIN 1,000 PsIG 


(or 1,100 PSIG) IN THE FIELD. 


Production rate is 380,000 reservoir B/D 
and arrows indicate start of water injection. 


results since the pressure had: de- 
clined to 500 psi in less than five 
years. The cumulative natural water 
influx would be nearly equal for each 
value of permeability and would, of 
course, vary directly with time after 
the short initial transient. 

For a production rate of 30,000 
B/D the pressure declined only 250 
psi for a permeability of 800 md, so 
that no water injection results are 
given for the 800 md and 1,600 md 
examples. Water injection results are 
given in Figs. 14 and 15 for permea- 
bilities of 100 md and 200 md with 
the pressure maintained at 1,000 psig 
at the center of the field and for 400 
md with the pressure maintained at 
1,100 psig. Fig. 15 indicates that 
even though an extremely large 
source of water may be in communi- 
cation with a field, the permeability 
may be so low that very little energy 
from this source will be available to 
produce the field at an economic rate. 
For the field assumed here and a per- 
meability of 100 md, the limited 
aquifer of 36 miles radius provides as 
much energy to produce the oil as 
the “infinite” aquifer does. 
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SUMMARY OF RESULTS 


The following general summariz- 
ing statements may be made from 
the results presented in this study. 

1. Total water-drive reservoirs 
have in general an initial transient 
pressure decline which may be ex- 
tremely steep at first, foliowed by a 
steady-state straight line portion 
whose slope depends on the produc- 
tion rate and the extent of the 
aquifer. The straight line portion has 
a slope of zero for the “infinite” 
aquifer used here. The transient pe- 
riod may be of long duration in tight 
formations with the pressure becom- 
ing more dependent on fluid expan- 
sion within the oil reservoir. 

2. “Infinite” or large aquifers may 
easily produce all of the oil from a 
field which is possible by the water 
encroachment process without resort 
to pressure maintenance. However, it 
may be necessary to return the pro- 
duced water, especially when the 
water-oil ratios become high toward 
the end of the life of the field. 


3. A greater total water influx can 
be obtained from a limited aquifer 
without pressure maintenance when 
the producing rates are low at aban- 
donment. 


4. When a pressure maintenance 
program is started, the lower the 
value of the pressure being main- 
tained the greater will be the energy 
received from the natural aquifer. 


5. When water injection is used to 
aid the natural water influx, the in- 
jection wells should be placed as 
near the oil-water contact as possible 
and still maintain a fairly uniform 
flood front. 
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6. If the permeability of a fairly 
large or “infinite” aquifer is quite 
low, such as 100 md for the one 
considered here, only a compara- 
tively small part will be effective 
toward producing oil at economic 
rates. 
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ABSTRACT 


In predicting the sweepout pattern 
efficiency to be expected in a sec- 
ondary recovery operation, the res- 
ervoir engineer is often confronted 
with a situation in which part of the 
producing formation lies between the 
last row of wells and the reservoir 
houndary. To date, there has been 
little or no reference in the litera- 
ture to sweepout pattern efficiencies 
in such areas. This paper presents the 
results of a laboratory study in which 
the area contacted around the edge 
of a reservoir injected in a five-spot 
pattern was determined. The X-ray 
shadowgraph technique was used in 
this study. 

/t was found that surprisingly large 
portions of the reservoir area lying 
outside the well network are con- 
tacted by the injected fluid before 
abandonment conditions are reached. 
In fact, it can be said that at least 
90 per cent of the area lying outside 
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the last row of wells and within a 
distance of one well spacing of these 
wells will ultimately be contacted by 
the injected fluid in the case of most 
water floods. From the results given 
in this paper, it is possible to esti- 
mate not only the extent to which 
encroachment into these areas will 
occur but also the injection volume 
necessary to produce the wells to 
abandonment conditions. 


INTRODUCTION 


While considerable work has been 
done in recent years’***** evaluat- 
ing the fraction of the reservoir con- 
tacted as a function of the mobility 
ratio for several different well pat- 
terns, there has been practically no 
mention of what happens to the oil 
in that portion of the reservoir which 
lies between the last row of wells and 
the reservoir boundary. In fact, the 
assumption is generally made that 
little or no recovery can be expected 
from this area. 

This assumption is incorrect and 
in many cases will lead to serious 


‘References given at end of paper. 


errors in calculating reservoir per- 
formance. The fraction of the area 
outside the regular well pattern con- 
tacted in a five-spot injection sys- 
tem has been studied using the X- 
ray technique’ to follow the prog- 
ress of actual floods in porous models 
of reservoir elemental areas. In this 
paper, the method for carrying out 
such a study and the results showing 
the fraction of the area in question 
swept as a function of mobility ratio 
and the produced fluids are pre- 
sented. 


THE REPRESENTATION OF 
A RESERVOIR BY ITS 
ELEMENTAL AREAS 


The portion of the reservoir lying 
between the edge of a reservoir and 
a line connecting the outermost wells 
may be roughly designated as the 
part of the reservoir outside the reg- 
ular well pattern. An example of 
such an area is shown as the shaded 
portion in Fig. 1. The case of a 
square reservoir utilizing a five-spot 
injection program and with one full! 
well spacing between the outermost 
wells and the boundary (Fig. 1) was 
selected as the single example which 
would provide the most insight into 
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RESERVOIR 


V7, «PORTION OF THE RESERVOIR LYING 
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Fic. 1-—-A HYPOTHETICAL RESERVOIR 
IN WHICH PART OF THE PRODUCING 
FORMATION LIES OUTSIDE THE WELL 
NETWORK. 


the solution of this problem. Al- 
though the case of one-half well 
spacing beyond the pattern is likely 
to be a more common field problem, 
the data presented afford a ready ap- 
proximation of this case. 


In evaluating the performance of 
a reservoir, the geometry of the field 
to be studied is analyzed in terms of 
unit areas which can be combined 
to form the reservoir area. Porous 
medium models are made represent- 
ing these elemental areas and their 
behavior during flooding experiments 
are studied using the X-ray tech- 
nique. The performance of the res- 
ervoir is then calculated by combin- 
ing the performances of the individ- 
ual models using the proper number 
of each of the elemental models to 
describe the reservoir. 


The five-spot pattern used as an 
example in this study contains only 
three elemental areas (1, II, and III 
in Fig. 1). Thus, in this particular 
example, the entire field can be rep- 
resented by combining 24 I's (33.3 
per cent of the area), eight II's (27.8 
per cent of the area), and eight III's 
(38.9 per cent of the area). The field 
performance is determined, there- 
fore, by carrying out flooding studies 
in each of the three elemental models 
and then combining the data accord- 
ing to the fraction of the total area 
represented by each model. Any five- 
spot field in which the area outside 
the well pattern extends a distance 
equal to one well spacing can be 


evaluated with these same data if 
the elemental volumes are combined 
to represent properly the reservoir in 
question. If the distance beyond the 
well network is less than one well 
spacing, a good approximation to the 
answer can be obtained by interpola- 
tion between the case studied and 
the condition wherein there is no 
area outside the well spacing. 


EXPERIMENTAL 


The models used to represent the 
field shown in Fig. 1 were made 
from %-in thick alundum plates, the 
entire outer surfaces being sealed 
with a lead-free ceramic glaze. In 
order to facilitate injection from 
constant rate pumps, flare fittings 
were affixed to the wells with an 
epoxy resin. 

The X-ray shadowgraph technique 
which was used to study the sweep- 
out patterns presented here consists 
of taking X-ray pictures of the model 
at frequent intervals during the in- 
jection of a fluid rendered opaque 
to X-rays.** These pictures show the 
configurations of the flood front for 
a number of successive stages of the 
operation. The injected and reservoir 
fluids used in these experiments were 
miscible in all proportions. Miscible 
phase displacement was chosen for 
these studies since it permits a more 
accurate determination of mobility 
ratio* and seems to be the most prac- 


“The mobility of a fluid in a porous medium 

has been defined as the ratio of its relative 
permeability to its viscosity. The mobility 
ratio acting in a flood has been defined as 
the ratio of the mobility ahead of the flood 
front (reservoir fluid) to the mobility be- 
hind the front (injected fluid). 


Fic. 2—AREAL EXTENT OF EN- 
CROACHMENT IN Mope ts I, II, AND 
III For A Mosritry RATIO oF 3. 
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Fic. 3 — RELATIONSHIP BETWEEN 

PRODUCING CUT AND SWEEPOUT 

PATTERN EFFICIENCY FOR A MOBIL- 

ITY RATIO OF 3 IN MobpeE ts I, II, 
AND III. 


tical approach to the scaling prob- 
lem. The use of miscible phase dis- 
placement in model studies has been 
discussed in more detail in previous 
papers.” 

In carrying out these experimental 
floods it was found that the area con- 
tacted by the injected fluid continued 
to increase after initial breakthrough 
into the producing wells. This in- 
crease in area was accompanied by 
a corresponding increase in the ratio 
of injected fluid to the reservoir fluid 
in the producing stream. By the 
time abandonment conditions were 
reached (arbitrarily taken as the time 
when the producing stream was 95 
per cent injected fluid—correspond- 
ing to a 19 to 1 water-oil ratio) 
much of the boundary area was con- 
tacted by the injected fluid. 


The extent to which encroachment 
into the boundary area occurs for 
any given model is a function of the 
mobility ratio acting during the flood. 
Each of the three models were flood- 
ed at mobility ratios of approximate- 
ly 0.3, 1, 3, and 9. As an example, 
the results obtained for a mobility 
ratio of three will be used in the fol- 
lowing discussion. The complete re- 
sults for all four mobility ratios on 
these and other models for the five- 
spot case may be found in the appen- 
dix. 

The areas contacted by the in- 
jected fluid at three periods in the 
history of the flood (initial break- 
through, a producing cut of 70 per 
cent injected fluid, and a producing 
cut of 95 per cent injected fluid) are 
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TABLE 1 — SWEEPOUT PATTERN EFFICIENCY FOR THE RESERVOIR SHOWN IN FIG. 1 AT A MOBILITY RATIO OF 3 


% Area Contacted % Total Area % Area Contacted % Total Area % Area Contacted % Total Area % Total Area 
in Model | Contacted in Model I! Contacted in Model II Contacted Contacted 
(Representing Represented (Representing Represented (Represented Represented 
23.3% of the by Mode! | 27.8% of the by Model I! 38.9%, of the by Mode! I!!! 
Phase total area) total area) total area) 
Water Breakthrough (As- 
suming well injection 
and withdrowal rates ad- 84 28.0 45 12.5 31.7 12.3 52.8 
justed to yield simulta- 
neous breakthrough) 
Water Cut = 0.5 92 30.6 52 14.5 46.3 18.0 63.6 
Water Cut = 0.95 100 93.5 26.0 89.5 34.8 94.1 
(Abandonment Condi- 
tions) 


shown in Fig. 2 for each model 
where the mobility ratio was 3. From 
simple material balance calculations’ 
it is possible to determine the pro- 
ducing cut as a function of the area 
contacted. Such a relationship for 
each of the three models at a mobil- 
ity ratio of 3 is shown in Fig. 3. 


RESERVOIR PERFORMANCE 
FROM ELEMENTAL PATTERN 
STUDIES 


From the results presented in Fig. 
3 it is possible to obtain the area 
contacted in the reservoir shown in 
Fig. 1 for a mobility ratio of 3. 
Since the fractional area of the res- 
ervoir represented by Model I is 
0.333, by Model II is 0.278, and by 
Model III is 0.389, the results shown 
in Table 1 may be easily calculated. 
Assuming that the well injectivities 
and productivities are such that the 
events shown occur simultaneously, 
the reservoir performance as a func- 
tion of time and amount injected 
may also be calculated by the meth- 
ods described in a previous paper.’ 
The results in Table 1 show that at 
abandonment conditions (correspond- 
ing to a water-oil ratio of 19 to 1) 
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94.1 per cent of the total area of the 
reservoir would be contacted by the 
injected fluid. In the example taken, 
55.5 per cent of the total area lies 
between the outermost line of wells 
and the boundary of the reservoir 
and since the area inside the well 
network was entirely swept, it may 
be shown that 53.7 per cent of the 
oil to be produced would come from 
outside the well system. 

Similar calculations may be made 
for other mobility ratios and other 
configurations of edge well patterns 
in the five-spot system using the data 
given in the appendix. 


DISCUSSION OF RESULTS 


Based on the limited knowledge 
of sweepout patterns available sev- 
eral years ago, it was common prac- 
tice to predict that for all conditions 
only 72 per cent of the area lying 
inside the actual well network would 
be contacted while none of the area 
lying outside the well network would 
be flooded. For the field example 
shown (Fig. 1) this would amount 
to only 31.2 per cent of the total 
reservoir area. This area is shown 
as the clear area in Fig. 4. By using 
the patterns actually obtained at a 
mobility ratio of 3 (Fig. 2) we find 
that the area represented by the 
heavily shaded areas plus the clear 
areas of Fig. 4 were contacted by 
the injected fluid. Assuming a con- 
stant displacement efficiency for the 
entire reservoir this shows that three 
times as much oil would be produced 
from this reservoir as would have 
been predicted several years ago, and 
that the majority of this excess comes 
from outside the well pattern.* 


“For this same example reservoir (Fig. 1), 
the case in which the injection «nd produc- 
tion wells are reversed has been studied ex- 
perimentally. Over the range of mobility 
ratios used (0.3 to 9.0) it was found that, 
within engineering accuracy, the area con- 
tacted by the flooding fluid at abandonment 
conditions was the same as for the case dis- 
cussed above. This appears logical since only 
the corner patterns (Model III) would be 
affected by such a change, and in these pat- 
terns the differences observed were only a 
few per cent of the area. 


The mobility ratio of 3 which was 
used as an example in this paper is 
one which would correspond to many 
water floods. This ratio would cor- 
respond to that in a reservoir con- 
taining an oil of 2.7 cp (with no 
free gas present) and having a rela- 
tive permeability to water of 0.1 be- 
hind the flood front. 


It should be recognized that the 
reservoir example used in this study 
is an idealized case in which the 
reservoir thickness and permeability 
are uniform and in which the reser- 
voir boundaries represent impermea- 
ble barriers. In actual practice, boun- 
daries will often be either a water 
contact or a thickness pinchout. 
While the presence of such boun- 
daries would cause some changes in 
the sweepout patterns reported above, 
these changes are not believed to be 
large. In this connection it appears 
that relative permeability changes 
will impede water boundary move- 
ments, while pinchouts present not 
only less cross section open to flow 
but also, in proportion, a smaller 
amount of fiuid to be moved. 


CONCLUSIONS 


It has been shown that a very sub- 
stantial portion (50 per cent to 98 
per cent) of a reservoir lying be- 
tween the outermost row of wells 
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and the reservoir boundary is con- 
tacted by the injected fluid at normal 
mobility ratios. The knowledge of 
this fact may, in many instances, dis- 
count greatly the need for extra wells 
close to the boundary of an oil field. 

Data are given which may be used 
to evaluate the production of oil 
from the edges of a five-spot injec- 
tion system. 


APPENDIX 


Since the results of this study have 
been presented in the above discus- 
sion for the single case of mobility 
ratio = 3, this section of the paper 
presents detailed results for all mobil- 
ity ratios and patterns studied. The 
procedures described in the paper to 
obtain results tor mobility ratio of 3 
were also used to study all other 
mobility ratios. 

Complete results are shown in two 
families of curves for each model. 
Each family of curves shows the 
per cent area swept as a function of 
mobility ratio. The parameter for 
one of these families is producing 
cut. The parameter for the other 
family is volume injected expressed 
as the ratio of volume injected to 
the displaceable volume.* 

Figs. 5 and 6 show these results 
for Model I of Fig. 1. The results 
for Model II are shown in Figs. 7 
and 8, and results for Model III in 
Figs. 9 and 10. 

Methods of applying the results as 
presented by these curves to reser- 
voir performance calculations have 
been presented in a previous paper.” 

In addition to the boundary well 
systems discussed above, two other 
possible boundary well systems which 
might arise in five-spot flooding have 
been studied. The manner in which 
these systems might arise in practice 
can be seen in Fig. 11. It is to be 
noted that the reservoir boundaries 
in this figure are oriented at 45° 
relative to those in Fig. |, and that 
the distance between the last row of 
wells and the reservoir boundary has 
been varied. The shapes of the two 
additional models are denoted by the 
dotted lines in Fig. || and designated 
as IV and V. 


Displaceable volume is defined as the total 
volume of oil originally in place in the por- 
tion of the reservoir under study less the 
volume of residual oil which would be left 
after the injected phase has contacted the 
entire volume. 

Defining the displaceable volume thusly 
allows the parameter to be applied to any 
flooding system when the proper values for 
reservoir bulk volume, connate water, and 
residual oil are used. 
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Exception should be taken to the 
unqualified statement by the authors 
of this paper that the assumption 
generally made that “little or no re- 
covery can be expected [from] the 
area contacted around the edge of a 
reservoir injected in a five-spot pat- 
tern is incorrect and in many cases 
will lead to serious errors in calculat- 
ing reservoir performance.” 

The inference is that the authors 
are including water drive in their 
“reservoir injected in a five-spot pat- 
tern.” This inference is further con- 
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Fic. 14—EFFECT OF MOBILITY RATIO 

ON SWEEPOUT PATTERN EFFICIENCY 

FOR VARIOUS PRODUCING RATIOs (¥,) 
IN MODEL V. 


Model V is of additional interest 
since it also represents an internal 
reservoir element for those fields 
which are made up of individual five- 
spot systems spaced in rectangular 
areas; each system being offset from 
all adjoining systems. 

Results for Model IV are pre- 
sented in Figs. 12 and 13 and results 
for Model V in Figs. 14 and 15. 
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firmed by the first line of their ab- 
stract—“In predicting the sweepout 
pattern efficiency to be expected in a 
secondary recovery operation the res- 
ervoir engineer” etc. 

Since by far the greater number of 
secondary recovery operations with 
injection in a five-spot pattern are 
waterflood operations, we wish to 
point out that the conclusions drawn 
by the authors from these laboratory 
experiments using miscible fluids 
have no direct application to calcu- 
lating reservoir performance and re- 
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covery estimates for the usual secon- 
dary recovery operation. Relative 
permeability gradients present when 
oil and water are the reservoir fluids 
concerned are completely ignored in 
these experiments. No such enlarged 
contacted areas outside the well pat- 
tern can be demonstrated with im- 
miscible fluids, short of fantastic and 
uneconomic time intervals. Relative 
permeability is a controlling factor 
tending to minimize the size of the 
area contacted between the injection 
wells and the boundaries of the field 
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in an oil reservoir injected with 
water by a five-spot pattern. 
Furthermore, these experiments 
and conclusions therefrom do not 
take into consideration the presence 
and effect of a gas phase saturation 
in the reservoir. Most water floods 
are undertaken when the reservoir is 
nearly depleted by primary produc- 
tion or at least when below the bub- 
ble point. Residual gas saturation in 


any unswept area bordering ‘“con- 
tacted”” or swept areas is often 
largely replaced volumetrically by 
the liquids flooded out from the 
swept areas. Oil displaced from the 
swept area is not synonymous with 
recoverable oil. A large portion may 
often be trapped in the residual gas 
pores of the unswept area by reason 
of the imposed injection pressures. 
It is regretted that misleading ap- 
plications are made or inferred be- 


tween “simplified” or circumscribed 
laboratory experiments and perform- 
ance of actual reservoirs. Any sug- 
gested application of such scientific 
or basic experiments to actual reser- 
voir conditions should be accom- 
panied by an equally scientific ap- 
praisal of the possible quantitative 
errors involved or the limiting range 
of applicability when the other ex- 
isting variable parameters of a reser- 
voir are taken into consideration. 


AUTHORS’ REPLY to COLLINGWOOD and KERN 


The comments of Collingwood and 
Kern are incorrect. Moreover, they 
are stated so forcefully that a strong 
answer is needed to bring the ques- 
tion into proper focus. Their com- 
ments show that they do not recog- 
nize or understand the rationality of 
this study, namely that: (1) the area 
swept in an injection operation de- 
pends mainly on the mobility ratio, 
and (2) when miscible phases are 
used to obtain the desired mobility 
ratio in models, the areal sweepout 
is the same as would be observed 
if immiscible phases with the same 
mobility ratio were used. 


The main points raised in the com- 
ments, and our answers are as fol- 
lows: 


1. Collingwood and Kern state 
that we imply that water flooding 
is covered by our work. Our position 
is that water flooding, gas drives, etc. 
are all covered by our work since our 
results are expressed as a function 
of mobility ratio. Some assumptions 
are involved, such as having one 
mobility on each side of the front, 
but these assumptions are clearly 
stated in the paper. 


2. They also state that miscible 


The authors of this paper are in 
possession of a most valuable labora- 
tory method for the solution of the 
difficult problem of the effect of mo- 
bility ratio on sweep pattern. The 
present attempt at a synthetic solu- 
tion of a complex flow pattern is 
unfortunately inaccurate. It would 
have been perfectly legitimate to cut 


phases cannot be used to represent 
water flooding. Again this reflects 
failure to understand the modeling 
involved. The important variable in- 
volved is the mobility ratio. In this 
respect the model with miscible 
phases is representative of a water 
flood which has the same mobility 
ratio as the model. 

3. Ignoring relative permeability 
gradients is charged. We have found 
that in waterflooding a water wet 
medium there are no significant gra- 
dients except when highly viscous 
crudes are encountered. This can 
also be stated by saying that prac- 
tically all of the oil is displaced at 
the water front. The zone in which 
two phases are flowing is so small 
that it is unimportant with respect 
to the areal sweepout behavior. 

4. “Relative permeability will min- 
imize the size of the area contacted.” 
Again we believe the opposite. The 
reduced relative permeability to wa- 
ter because of residual oil lowers the 
mobility of the flooding water. This 
lower mobility makes for a better 
sweep as shown by the data in the 
paper. 

5. “Effect of gas not considered.” 
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the authors’ model (Fig. 1) along the 
lines of symmetry, since these must 
be flow lines; there are, however, 
only four such lines in Fig. 1 of the 
paper: the vertical and the horizontal 
bisectors, and the diagonals. Most 
of the boundaries of the authors’ seg- 
ments I, II and III are not flow lines: 
consequently, cuts along these bound- 


This is true, but for the cases we 
covered, we believe the effect of gas 
saturation is not large. Also, gas both 
helps and hinders. The fact that it 
flows easily ahead of the water im- 
proves the sweepout pattern. The 
fact that oil in the oil bank tends to 
replace the gas is deleterious. 

6. Finally, Collingwood and Kern 
leave the thought that these results 
are not applicable to the reservoir. 
Again, we feel that they have not 
understood what we say in this 
paper. This paper says: 

a. Mobility ratio determines the 
area contacted by the displacing 
phase. 

b. If you know the mobility ratio 
for the reservoir, you can run a 
model experiment with this mobility 
ratio and get data telling how the 
reservoir will behave if the reservoir 
is homogeneous. 

c. Since mobility ratio is a con- 
trolling factor in determining areal 
sweepout, the simplest way to get 
the desired mobility ratio is the best. 
We have found the use of miscible 
phases to be satisfactory. Other solu- 
tions are possible, but data obtained 
with miscible phases are valid. 


aries are inadmissible in a rigorous 
treatment. This criticism is most seri- 
ous in the case of segment III, which 
must be operated long after the shut- 
ting down of the interior segments, 
such as I, when the flow lines would 
depart widely from the authors’ as- 
sumption. An attempt to complete 
the flooding of all segments simul- 
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taneously by the employment of dif- 
ferent rates in the various segments 
would merely lead to further depar- 
ture of the flow lines from those as- 
sumed by the authors. 

The authors’ conclusions as to the 
areas contacted at the end of the 
flood are based on a terminal water 
cut of 95 per cent, and the tacit, but 
very unrealistic, assumption that this 
water cut is a function of sweep pat- 
tern alone. In reality a major con- 
tribution to water production arises 
from non-uniform permeability dis- 
tribution both laterally and trans- 
versely to the formation. Because of 
this additional water influx one can- 
not in practice expect to carry the 
sweep pattern to anywhere near the 
point assumed by the authors. 

Again, since the work was per- 
formed with miscible fluids, the au- 
thors did not obtain any production 
from behind the front of the invading 
fluid; this is a factor which normally 
mitigates the water influx, and which 


could not be taken into account by 
the technique which was employed. 

As a consequence of all the fore- 
going, it would appear that the re- 
sults of the work cannot be applied 
to field problems without consider- 
able modification. Some words of 
caution in this regard are contained 
in the last paragraph of “Discussion 
of Results,” but this is completely 
overlooked in the “Conclusions” and 
in the second paragraph of the 
abstract, where the authors make 
sweeping applications to field prob- 
lems. 

In the last paragraph of “Discus- 
sion of Results” the authors state 
that their conclusions would not be 
altered significantly if the imperme- 
able outer boundary of their field 
model were replaced by a water con- 
tact. This is completely unsupported 
by anything in the paper; it is in 
radical disagreement with my own 
work on an analogous case, where 
the mobility of the oil was low com- 
pared to the mobility of water in the 


adjoining aquifer, which is the usual 
case. If we assume oil with a vis- 
cosity of 2.5 cp, and relative per- 
meability of 50 per cent, as com- 
pared with water with a viscosity of 
0.5 cp, and relative permeability of 
100 per cent (in the aquifer), the 
mobility ratio of oil to water is 0.1. 
Any tangential component of the 
pressure gradient along the oil-water 
contact must then result in a water 
flow which is 10 times the rate of 
oil flow. This means, of course, that 
the water in the aquifer participates 
largely in the movement: oil is 
forced into the aquifer opposite the 
injection wells, whereas water enters 
the field from the aquifer opposite 
the producing wells. The entire pat- 
tern departs radically from that of 
the authors’ experiment. My own 
conclusion has been that the only 
effective means of sweeping the outer 
belt of oil is by placing the injec- 
tion wells either very close to the 
water contact, or, preferably, in the 
aquifer itself. 


AUTHORS’ REPLY to ALEXANDER WOLF 


It is true that the elemental pat- 
terns studied do not rigorously rep- 
resent the field shown in Fig. 1. They 
were not intended to do so. The in- 
tent of this study was to investigate 
various geometric elements which 
could be used to approximate the 
sweepout behavior of the outer boun- 
dary of any reservoir developed on 
a five-spot pattern. The elements 
shown were chosen as being the most 
universally applicable. The hypothe- 
tical reservoir of Fig. 1 was em- 
ployed as an example of the manner 
in which a reservoir might be repre- 
sented by a combination of elements. 

Several experiments have shown 
the practical applicability of using 
the results from a combination of 
elemental patterns to represent the 
reservoir. One-fourth of the model 
shown in Fig. 1 (cut along true 
streamlines as Wolf mentioned) was 
used in an experiment at a mobility 
ratio of one. The results indicated 
that, although the elements were not 
rigorously based on streamlines, the 
production as calculated from the 


VOL. 204, 1955 


results of these elements is very close 
to that actually obtained in the more 
rigorous model. A second experiment 
involved modeling a small reservoir 
containing two injection wells and 
five producing wells. Injection and 
producing rates were proportional to 
those in the reservoir. Again it was 
found that the production history 
predicted on the basis of individual 
elements was extremely close to that 
obtained in running the complete res- 
ervoir model. 

The presence of non-uniform per- 
meability distributions in the reser- 
voir will undoubtedly lead to sweep- 
out pattern efficiencies and produc- 
tion data different from those pre- 
sented in the paper. As was pointed 
out in the discussion of results, these 
models represented reservoir ele- 
ments of uniform thickness and per- 
meability. If the presence and magni- 
tude of permeability inhomogeneities 
in a reservoir are known, the results 
obtained on uniform models must be 
corrected either by further experi- 


mentation or by calculation. Oil pro- 
duction from behind a _ waterflood 
front should be insignificant in most 
cases, as discussed in Item 3 of the 

reply to Collingwood and Kern. 
Wolf emphasizes a valid point in 
pointing out differences in behavior 
with a water contact instead of an 
impermeable barrier as a boundary. 
Our belief that in general the differ- 
ence would not be large considered: 
(1) the pressure potentials along a 
streamline at the water-oil contact 
will be weaker than those existing in 
a more direct line between the wells, 
and (2) as the oil invades the water 
zone, and the water invades the oil 
zone, relative permeability will rap- 
idly increase the resistance to flow 
through the aquifer path. In any 
event, a substantial oil recovery from 
the region beyond the well pattern 
may be expected. although an accur- 
ate determination when a water-oil 
contact is the boundary would re- 
quire a very complicated analysis. 
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AIME, PETROLEUM BRANCH 
MAJOR MEETING SCHEDULE 


1955—May 26-27, Joint Meeting of Rocky Mountain 
Petroleum Sections, Shirley Savoy Hotel, Den- 
ver. 

1955—Oct. 2-5, Petroleum Branch Fall Meeting, 
Roosevelt Hotel, New Orleans. 


1955—Oct. 20-21, AIME Pacific Petroleum Fall 
Meeting, Biltmore Hotel, Los Angeles. 


1956—Feb. 19-23, Annual AIME Meeting, Hotel 
Statler, New York City. 

1956—Oct. 14-17, Petroleum Branch Fall Meeting, 
Biltmore Hotel, Los Angeles. 

1957—Feb. 24-28, Annual AIME Meeting, New 
Orleans. 

1957—Oct. 6-9, Petroleum Branch Fall Meeting, 
Dallas. 

1958—Feb. 16-20, Annual AIME Meeting, Hotel 
Statler, New York City. 

1958—Oct. 12-15, Petroleum Branch Fall Meeting, 
Houston. 

1959—Feb. 15-19, Annual AIME Meeting, San 
Francisco. 

1959—Oct. 11-14, Petroleum Branch Fall Meeting, 
Dallas (tentative). 

1960—Feb. 14-18, Annual AIME Meeting, Hotel 
Statler, New York City. 


1961—Feb. 19-23, Annual AIME Meeting, St. Louis. 


work For you! 
GECLOGRAPH 


Here’s a “hand” ready 
to work for both Con- 
tractor and Operator. 
When “employed”, Geo- 
lograph keeps everyone 
who is interested in the 
drilling operation in- 
formed, SO THAT 
ALL CAN DOA 
BETTER JOB. The 
prudent Operator and 
the efficient Contrac- 
tor know that you al- 
ways save when you 
log as you drill with 
Geolograph. 
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Baton Rouge, La. * Casper, Wyo. * Glendive, Mont. * Sterling, Colo. 
"Edmonton, Alberta 
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FOR DEEP PENETRATION 
in gun perforating 


your best 


bet call 
Lane-Wells 


Tomorrows Toole— 


General Offices, Export Office, Plant » 5610 So. Soto St., Los Angeles 58 


LOS ANGELES * HOUSTON * OKLAHOMA CITY * LANE-WELLS CANADIAN CO.IN CANADA * PETRO-TECH SERVICE CO. IN VENEZUELA 


There are lots of reasons why, but right now, let’s talk results... 
like that shown in the drawing. That’s the average penetration 
delivered by Lane-Wells’ 4%16” A-2 bullet gun. Other 
Lane-Wells bullet guns deliver even greater penetration, and 
we have Koneshot guns that can give as much as 18” 
penetration, but of course they can’t be used on every job. 
The point is, Lane-Wells has both bullet and Koneshot guns 
tailored to fit every kind of perforating job. Singly, or in 
combination, they'll deliver the penetration your job demands. 
Check it for yourself... 
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